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Analysis  of  Morphological  and  Behavioural  Evidence  for  the 
Phylogeny  and  Higher  Classification  of  Trichoptera  (Insecta) 


Abstract 

Higher-level  relationships  of  the  families  of  Trichoptera,  and  in  particular  those  of  the 
Rhyacophilidae,  Hydrobiosidae,  Glossosomatidae,  and  Hydroptilidae,  are  examined  using  numer- 
ical phylogenetic  techniques  on  70  morphological  characters  from  larvae  and  adults.  Data  con- 
cerning larval  construction  behaviour  are  examined  in  this  way  as  well,  and  are  considered  also 
from  a  biological  perspective.  Both  the  morphological  and  behavioural  data  provide  strong  support 
for  monophyly  of  the  Annulipalpia  (s.s.)  and  the  Integripalpia  (s.s.),  and  for  overall  primitiveness 
of  the  families  of  Spicipalpia  (Rhyacophilidae,  Hydrobiosidae,  Glossosomatidae,  Hydroptilidae). 
Our  analyses  do  not  support  monophyly  of  Spicipalpia,  or  inclusion  of  Spicipalpia  within  the 
Annulipalpia  (s.l.).  There  is  some  morphological  evidence  indicating  that  the  Glossosomatidae, 
Hydrobiosidae  -i-  Rhyacophilidae,  and  Annulipalpia  (s.s.)  constitute  a  monophyletic  group;  there  is 
equivocal  morphological  evidence  that  the  Hydroptilidae  and  Integripalpia  (s.s.)  are  sister  groups. 
In  contrast,  behavioural  data  provide  evidence  that  the  Integripalpia  and  Armulipalpia  are  sister 
groups,  as  are  the  Glossosomatidae  and  Hydroptilidae. 

Under  these  circumstances,  we  propose  a  classification  of  three  coordinate  suborders  in  the 
Trichoptera:  Spicipalpia,  Annulipalpia,  and  Integripalpia,  recognizing  that  the  Spicipalpia  may  not 
be  a  monophyletic  group.  Within  Annulipalpia,  we  recognize  the  Philopotamoidea  and 
Hydropsychoidea;  within  Integripalpia,  the  infraorders  Plenitentoria  and  Brevitentoria;  and  within 
Brevitentoria,  the  Leptoceroidea  and  Sericostomatoidea,  again  with  the  qualification  that,  based  on 
our  analyses,  the  Brevitentoria  and  Leptoceroidea  may  not  be  monophyletic  groups. 

Cool  running  waters  are  inferred  from  available  evidence  to  be  the  ancestral  aquatic  habitat  for 
Trichoptera.  This  hypothesis  is  consistent  with  the  fact  that  all  famihes  of  Spicipalpia  construct 
closed  semipermeable  cocoons,  and  addresses  the  problem  of  osmotic  regulation  met  by  groups  of 
insects  colonizing  aquatic  habitats. 


Introduction 


A  primary  source  of  contention  in  the  literature  about  the 
systematics  of  Trichoptera  concerns  the  placement  of  the 
closed-cocoon-making  caddisfly  families  Rhyacophilidae, 
Hydrobiosidae,  Glossosomatidae,  and  Hydroptilidae. 
There  are  three  aspects  to  the  problem:  whether  these  four 
families  constitute  a  monophyletic  group;  how  as  a  group 
or  individually  they  are  related  phyletically  to  other 
Trichoptera;  and  how  they  should  be  classified. 

Some  contemporary  workers  follow  Martynov  (1924, 
1930),  who  recognized  two  suborders  in  Trichoptera: 


Annulipalpia  and  Integripalpia,  the  former  composed  in 
part  of  the  fixed-retreat  makers,  the  latter  the  portable-case 
makers.  Martynov  placed  the  Rhyacophilidae  (including 
Hydrobiosidae  and  Glossosomatidae)  and  the 
Hydroptilidae  in  AnnuUpalpia,  together  with  the  fixed- 
retreat  makers.  Weaver  (1983,  1984)  and  Weaver  and 
Morse  (1986)  considered  the  four  families  in  question  to 
form  a  monophyletic  group  within  Annulipalpia  (=  Veri- 
cloacia  of  Weaver  1983,  1984),  the  infraorder  Spicipalpia, 
and  to  be  the  sister  group  of  the  fixed-retreat  makers,  the 
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Curvipalpia  (Fig.  1 ).  This  arrangement  conformed  to  that 
of  Schmid  (1980),  except  that  Schmid  placed  the 
Hydrobiosidae  with  the  fixed-retreat  makers. 

Lepneva  (1964)  placed  the  four  families  with  some 
of  the  fixed-retreat  makers  in  the  superfamily  Paleochae- 
toidea,  and  the  other  fixed-retreat  makers,  Ecnomidae, 
Polycentropodidae,  and  Hydropsychidae  (including  Arcto- 
psychinae)  in  the  Neochaetoidea. 

Ross  (1967)  recognized  the  Annulipalpia  and 
Integripalpia  but  placed  the  closed-cocoon-making 
Rhyacophilidae  (including  Hydrobiosidae),  Glossoso- 
matidae,  and  Hydroptilidae  in  Integripalpia  with  the 
portable-case  makers  (Limnephiloidea),  and  considered 
them  to  have  evolved  in  that  sequence.  Ross  (1967)  erect- 
ed a  paraphyletic  group,  the  Rhyacophiloidea,  to  contain 
all  the  closed-cocoon  makers  (Fig.  2). 

Wiggins  and  Wichard  (1989)  followed  Weaver  and 
Morse  (1986)  in  considering  the  Spicipalpia  (including 
Hydrobiosidae)  to  be  monophyletic,  but  introduced  new 
behavioural  evidence  raising  the  possibility  that  the 
Spicipalpia  have  a  sister-group  relationship  with  the 
Annuhpalpia  -i-  Integripalpia  (Fig.  3).  Consequently,  they 
proposed  a  classification  granting  equivalent  subordinal 
status  to  the  three  lineages.  Weaver  (1992a,  1992b)  criti- 
cized the  proposals  of  Wiggins  and  Wichard  (1989); 
Wichard  (1991)  and  Wiggins  (1992)  provided  rebuttals. 

To  try  to  resolve  the  controversy  about  the  phylogeny 
and  higher  classification  of  Trichoptera,  we  restudy  the 
morphological  characters  that  have  been  used  in  the  past  to 
support  one  phylogenetic  arrangement  or  another,  and  add 
a  number  of  new  characters.  We  then  analyse  the  data 
using  numerical  phylogenetic  methods,  and  compare  the 
resulting  cladograms  with  phylogenies  inferred  previous- 
ly. Our  results  are  discussed  largely  in  terms  of  the 
hypotheses  of  Ross  (1967)  and  Weaver  (1983,  1984) 
because  these  authors  have  documented  the  evidence  for 
their  arrangements  more  than  others  have  done.  We  then 
examine  the  issue  further  using  recent  findings  concerning 
construction  behaviour  of  larval  Trichoptera  (Bohle  and 
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Figs.  1-3.  Three  contemporary  hypotheses  of  phylogeny  for  Trichoptera, 
showing  the  classification  based  on  each.  1.  Weaver  and  Morse  (1986).  2. 
Ross  (1967).  3.  Wiggins  and  Wichard  (1989),  Wichard  (1991). 

Fischer,  1983;  Wiggins  and  Wichard,  1989).  Finally,  we 
provide  a  working  classification  for  Trichoptera  that  in  our 
opinion  best  reflects  present  understanding  of  evolution- 
ary relationships  among  the  famihes,  while  promoting  sta- 
bility for  general  use. 

Throughout  the  text,  we  classify  and  refer  to  the 
Rhyacophihdae,  Hydrobiosidae,  Glossosomatidae,  and  Hy- 
droptilidae collectively  as  the  suborder  Spicipalpia,  a  group 
with  equivalent  rank  to  the  suborders  Integripalpia  and 
Annulipalpia  (Wiggins  and  Wichard,  1989).  Within  Integ- 
ripalpia we  continue  to  recognize  and  refer  to  the  Plenitento- 
ria  and  Brevitentoria  of  Weaver  (1983,  1984),  which  are 
equivalent  to  the  hmnephilid  and  leptocerid  branches  of  Ross 
(1967).  Our  rationale  for  these  positions  is  provided  in  the 
section  on  classification  at  the  end  of  our  paper. 


Materials  and  Methods 


SPECIMENS  EXAMINED  AND 
STUDY  TECHNIQUES 

Larvae  and  adults  of  genera  in  35  families  of  Trichoptera 
were  examined  (an  asterisk  indicates  that  only  the  adults 
were  idenfified  to  species):  Rhyacophilidae,  Rhyacophila 
fuscula  (Walker);  Hydrobiosidae,  Atopsyche  sperryi 
Denning*;  Glossosomatidae,  Agapetus  illini  Ross, 
Glossosoma  nighor  Banks,  Protoptila  tenebrosa 
(Walker)*;  Hydroptilidae,  Palaeagapetus  nearcticus 
Banks,  Agraylea  sp.;  Philopotamidae,  Dolophilodes  dis- 


tinctus  (Walker),  Chimarra  obscura  Walker;  Stenopsy- 
chidae,  Stenopsyche  griseipennis  McLachlan.;  Hydropsy- 
chidae, Arctopsyche  grandis  (Banks),  Diplectwna  modes- 
ta  Banks,  Hydropsyche  betteni  Ross,  Macrostemum  zebra- 
turn  (Hagen);  Ecnomidae,  Ecnomus  tenellus  (Rambur); 
Psychomyiidae,  Psychomyia  flavida  Hagen*,  Paduniella 
nearctica  Flint;  Xiphocentronidae,  Xiphocentron  numanus 
Schmid*;  Polycentropodidae,  Nyctiophylax  affinis 
(Banks)*;  Dipseudopsidae,  Phylocentropus  placidus 
(Banks);    Phryganeidae,    Yphria    californica    (Banks), 


Phn,'gcwea  cinerea  Walker;  Phryganopsychidae,  Phry- 
ganopsyche  latipennis  (Banks);  Plectrotarsidae,  Plectro- 
tarsus  tasmanicus  Mosely — adults,  P.  gravenhorsti 
Kolcnali — larvae;  Brachycentridae,  Brachycentrus  occi- 
dentalis  Banks;  Limnephilidac.  Dicosmoecus  atripes 
Hagen,  Pseudostenophylax  uniformis  (Betten),  Limne- 
philus  indivisus  Walker,  Apatania  arizona  Wiggins; 
Goeridae,  Lepania  cascada  Ross,  Goera  stylata  Ross; 
Uenoidae,  Neophylax  concinnus  McLachlan;  Neothremma 
alicia  Banks*;  Lepidoslomalidae,  Lepidostoma  vemale 
(Banks);  Tasimiidae,  Trichovespula  macrocera  Schmid; 
Limnocentropodidae,  Limnocentropus  himalayanus  Mar- 
tynov — adults,  L.  rectus  Kimmins — larvae;  Kokiriidae, 
Kokiria  miharo  McFarlane;  Beraeidae,  Beraea  fontana 
Wiggins;  Sericostomatidae,  Gumaga  nigricula  (McLach- 
lan); Calocidae,  Caenota  plicata  Mosely;  Helicophidae, 
Alloecella  grisea  Banks;  Molannidac,  Molanna  flavicor- 
nis  Banks;  Odontoceridae,  Psilotreta  indecisa  (Walker), 
Pseudogoera  singularis  Carpenter,  Atriplectides  duhius 
Mosely*;  Philorheithridae,  Austrheithrus  duhitans 
Mosely;  Helicopsychidae,  Helicopsyche  borealis  (Hagen); 
Calamoceratidae,  Heteroplectron  califomicum  McLach- 
lan; Leptoceridae,  Mystacides  interjecta  (Banks); 
Anomalopsychidae,  Anomalopsyche  minuta  (Schmid). 

Various  genera  of  Lepidoptera  and  Mecoptera  were 
also  studied  for  purposes  of  outgroup  comparison: 
Lepidoptera:  Micropterigidae,  Epimartyria  auricrinella 
Walsingham,  Micropteryx  calthella  L. — adults  only; 
Eriocraniidae,  Dyseriocrania  griseocapitella  (Walsing- 
ham)— adults  only;  Psychidae,  Solenobia  sp.;  Incurvarii- 
dae,  Adela  sp. — adults  only;  Mecoptera:  Panorpidae, 
Panorpa  sp.,  Brachypanorpa  sp. 

Specimens  preserved  in  alcohol  or  dry  were  dissected, 
cleared  in  KOH,  and  examined  in  glycerine  using  a  com- 
pound as  well  as  a  binocular  dissecting  microscope.  Larval 
antennae  were  also  viewed  using  a  scanning  electron 
microscope.  Living  specimens,  when  available,  were  pre- 
served and  cleared  in  lactic  acid. 

CHARACTER-STATE  DATA  AND 
PHYLOGENETIC  TECHNIQUES 

After  an  initial  survey  of  external  and  internal  sclerotized 
structures,  a  data  set  was  assembled  comprising  40  multi- 
state  (=  64  binary)  larval  and  30  multistate  (=  45  binary) 
adult  morphological  characters  (Appendix;  Table  1). 
Characters  were  polarized  by  outgroup  comparison  with 
Lepidoptera  and  Mecoptera.  Characters  are  referenced  in 
the  text  by  number  (e.g..  Appendix,  character  5)  and  the 
character  states  by  a  small  letter;  for  character-state  trees 
with  branches,  all  of  the  character  states  on  one  branch 
were  assigned  letters  sequentially  (e.g.,  5a,  5b),  and  then 
the  first  character  state  on  the  other  branch  was  assigned 
the  next  letter  in  capitals  and  a  small  letter  indicating  the 
character  state  immediately  ancestral  to  it  (e.g.,  5Ca). 


We  analysed  the  data  using  numerical  phylogenetic 
techniques,  with  additive  binary  coding  of  the  characters. 
The  larval  and  adult  data  were  analysed  separately  and 
then  together.  We  employed  two  widely  used  techniques: 
parsimony  analysis  and  compatibility  analysis.  In  parsi- 
mony analysis  an  attempt  is  made  to  construct  one  or  more 
phylogenetic  trees  that  minimize  the  total  number  of  char- 
acter-state changes  implied  by  that  arrangement  of  the 
taxa,  irrespective  of  whether  the  changes  are  derivations  of 
the  trait  or  reversals  to  the  primitive  condition.  This  pro- 
cedure was  carried  out  using  the  HENNIG86  computer 
program  (version  1.5,  J.  S.  Harris).  All  characters  were 
weighted  equally,  and  a  hypothetical  outgroup  taxon  was 
included  having  the  ancestral  condition  for  all  character 
states.  The  search  for  minimum-length  trees  was  carried 
out  using  the  command  sequence  "m*  bb",  and  the  order 
in  which  the  taxa  appeared  in  the  data  set  was  changed 
once  to  determine  if  there  were  other  islands  of  trees  of 
minimum  length  (Maddison,  1991).  We  found  that  most 
branches  of  each  tree  obtained  were  supported  only  by 
characters  that  were  homoplasious  under  that  arrangement 
of  the  taxa.  We  then  did  compatibility  analyses  in  order  to 
find  those  arrangements  of  the  taxa  that  are  supported  by 
the  maximum  possible  number  of  uniquely  derived  char- 
acters. In  compatibility  analysis  homoplasious  characters 
are  ignored  when  constructing  the  tree,  and  no  considera- 
tion is  given  to  the  total  number  of  character-state  changes 
over  the  entire  tree.  The  CLINCH  computer  program  (ver- 
sion 6.2,  K.  Fiala)  was  employed  for  these  analyses,  which 
were  done  only  on  the  combined  data  set.  Some  parts  of 
the  arrangements  obtained  using  compatibility  analysis 
were  unresolved;  no  effort  was  made  to  resolve  the  poly- 
tomies  because  the  trees  were  sufficiently  resolved  for  our 
purposes. 

We  then  did  another  parsimony  analysis  on  the  com- 
bined larval  -i-  adult  data,  this  time  using  the  successive 
weighting  procedure  in  HENNIG86  ("xsteps  w"  com- 
mand). Each  of  the  arrangements  that  we  obtained  using 
this  procedure  consisted  for  the  most  part  of  a  mix  of  the 
groupings  obtained  when  the  characters  were  weighted 
equally,  and  when  the  data  were  analysed  using  compati- 
bility analysis.  For  this  reason,  we  do  not  consider  them 
further. 

We  had  doubts  about  the  ancestral  condition  of  some 
characters.  The  polarity  of  all  of  these  traits  was  changed 
and  the  analyses  were  done  again. 

Arrangements  of  the  taxa  were  compared  numerically 
in  terms  of  the  number  of  character-state  changes  (tree 
length),  the  tree  consistency  index  (minimum  number  of 
character-state  changes  under  any  arrangement  of  the  taxa 
divided  by  the  number  of  changes  under  a  given  arrange- 
ment), and  the  number  of  character  states  that  are  unique- 
ly derived  under  that  arrangement. 


Table  1.  Distribution  of  morphological  traits  of  larvae  (1-40)  and  adults  (41-70)  of  selected  genera  of  Trichoptera. 
Nc  -  no  logical  comparison. 
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Morphology  of  Larvae 


CHANGES  BETWEEN  LARVAL  INSTARS 

For  the  majority  of  Trichoptera  the  most  marked  changes 
from  the  early  instars  to  the  mature  fifth-instar  larva  are  an 
increase  in  the  absolute  size  of  the  larva,  and  in  the  num- 
ber of  setae,  and  of  the  gills  (where  they  occur).  Changes 
in  body  proportions,  orientation,  and  morphology  are  usu- 
ally relatively  slight.  Larvae  of  HydroptiUdae  (including 
Palaeagapetus)  are  an  exception  because  they  exhibit 
hypermetamorphosis:  the  first  four  instars  are  campode- 
iform  and  free-living,  the  last  instar  is  suberuciform  and 
constructs  a  case.  Associated  morphological  changes 
include  hypertrophy  of  the  abdomen  and  modifications  in 
form  of  the  body  and  appendages. 

Among  Mecoptera,  Lepidoptera,  and  Trichoptera, 
hypermetamorphosis  is  otherwise  confined  to  two  derived 
families  of  Lepidoptera  (i.e.,  Epipyropidae  and  Gracillarii- 
dae,  Davis  1987b).  Thus,  hypermetamorphosis  is  clearly  a 
derived  condition  in  Trichoptera  (Appendix,  character  1). 
The  question  of  whether  characters  in  the  first  four  or  in 
the  last  instar  represent  the  plesiomorphic  condition  in 
Hydroptilidae  is  addressed  in  the  discussion  about  the  anal 
prolegs  and  in  the  section  concerning  the  phylogenetic 
analyses. 


HEAD 

Head  Orientation 

The  head  of  most  Trichoptera  larvae  is  held  either  in  a  hor- 
izontal position  with  the  mouthparts  directed  forward 
(prognathous),  or  in  a  more  vertical  position  with  the 
mouthparts  directed  ventrally  (hypognathous).  Nielsen 
(1948:177)  considered  the  prognathous  condition  to  be 
primitive  for  Trichoptera,  noting  that  "closing  of  the  head 
capsule"  is  generally  thought  to  be  a  consequence  of  pro- 
gnathism. The  occipital  foramen  of  all  Trichoptera  is 
closed  by  the  hypostomal  bridge  (Hinton,  1963; 
Kristensen,  1984b).  Typically  in  prognathous  insects 
(Denis  and  Bitsch,  1973),  including  primitive  Lepidoptera 
(Kristen-sen,  1984b),  the  craniocardinal  articulation  is 
located  considerably  posterad  of  the  mandibular  articula- 
tion, but  in  all  Trichoptera  the  two  points  of  articulation 
are  contiguous,  a  characteristic  of  hypognathous  insects 
(Kristensen,  1984b).  Kristensen  (1984b)  concluded  that 
although  the  ancestral  Lepidopteran  was  "supposedly" 
prognathous,  the  posterior  position  of  the  craniocardinal 
articulation  is  a  derived  condition  for  Lepidoptera. 

It  could  be  inferred  from  the  conclusions  of  Nielsen 
(1948)  and  Kristensen  (1984b)  that  in  the  common  ances- 
tor of  Trichoptera  and  Lepidoptera  the  head  was  prog- 
nathous and  the  craniocardinal  and  mandibular  articula- 


tions were  contiguous.  However,  larvae  of  most 
Mecoptera  are  hypognathous,  and  in  these  the  mandibular 
and  craniocardinal  articulations  are  contiguous  (as  in 
Trichoptera),  while  in  the  prognathous  Nannochoristidae 
(Pilgrim,  1972,  fig.  5),  the  craniocardinal  articulation 
appears  to  be  far  behind  the  mandibular  articulation  (as  in 
Lepidoptera);  moreover,  a  hypostomal  bridge  is  present. 
Stehr  (1987)  noted  that  in  hypognathous  Lepidoptera  lar- 
vae the  epicranial  suture  is  long  relative  to  the  fronto- 
clypeus,  while  in  prognathous  larvae  the  suture  is  much 
shorter.  There  is  no  relationship  in  larvae  of  Trichoptera 
between  length  of  the  epicranial  suture  and  head  orienta- 
tion (figures  in  Wiggins,  1977). 

Weaver  (1983,  1984)  suggested  that  the  ancestral 
Trichopteran  was  hypognathous,  but  did  not  present  any 
evidence.  We  consider  the  matter  unresolved.  A  further 
difficulty  is  posed  by  the  Glossosomatidae.  Weaver  (1983, 
1984)  tacitly  and  Hickin  (1967)  explicitly  assigned  the 
prognathous  condition  to  this  family.  Badcock  (1963)  stat- 
ed that  in  the  Glossosomatidae  the  head  is  held  anteroven- 
trally,  and  thus  this  family  exhibits  an  intermediate  condi- 
tion with  respect  to  head  orientation;  the  head  is  similarly 
oriented  in  the  Hydroptilidae.  Because  of  the  problem  of 
establishing  the  plesiomorphic  condition  for  head  orienta- 
tion in  Trichoptera,  and  the  difficulty  of  explicitly  defining 
this  trait,  we  refrain  from  using  it  as  a  character  in  our 
analyses. 

Antenna 

Antenna!  location.  Larvae  of  Trichoptera  have  the 
antenna  located  laterally  between  the  base  of  the  mandible 
and  the  eye.  In  larvae  of  Rhyacophilidae,  Hydrobiosidae, 
most  Hydroptilidae  and  Annulipalpia,  and  some 
Integripalpia  (e.g.,  Phryganeidae.  Korkiriidae,  Beraeidae, 
some  Odontoceridae  {Atriplectides)  and  Leptoceridae),  the 
antennae  are  located  at  or  very  near  to  the  anterior  margin 
of  the  head.  More  precisely,  the  antennae  are  separated 
from  the  anterior  margin  of  the  head  capsule  by  less  than 
one-half  the  diameter  of  the  antennal  foramen.  We  refer  to 
this  condition  as  far  cephalad.  In  Glossosomatidae,  some 
Hydroptihdae,  Macrostemum  (Hydropsychidae),  and  vari- 
ous families  of  Integripalpia  (mostly  Plenitentoria),  the 
antennae  are  located  more  posteriorly  (i.e.,  separated  from 
the  anterior  margin  of  the  head  capsule  by  between  one- 
half  to  twice  the  diameter  of  the  antennal  foramen).  This  is 
the  cephalad  position.  Finally,  in  Palaeagapetus  and  in 
various  families  of  Integripalpia  (mostly  Brevitentoria)  the 
antennae  are  about  as  close  to  the  eye  as  to  the  anterior 
margin  of  the  head  (i.e.,  separated  from  the  anterior  mar- 
gin of  head  capsule  by  more  than  twice  the  diameter  of  the 
antennal  foramen).  We  refer  to  this  condition  as  caudad. 


Larvae  of  Mecoptcra  and  most  Lcpidoptcra  have  the 
antennae  located  far  cephalad.  The  antennae  of 
Micropterigidae  are  located  cephalad  (Davis,  1987a,  fig. 
26.28e),  which  presumably  is  correlated  with  the  long 
antenna  in  this  family  (see  below).  Thus,  we  consider  the 
fai  cephalad  position  to  be  ancestral  in  Trichoptera,  as  did 
Ross  (1967:178)  and  Krafka  (1923).  Interpretation  of  this 
trait  as  a  character  transformation  series  is  straightforward 
(Appendix,  character  2). 

Structure  of  the  antenna.  We  have  identified  seven 
types  of  antennae  in  larval  Trichoptera;  Denis  (1984a)  rec- 
ognized all  of  these  except  the  first  and  fifth  types. 

Ptilocolepine  type.  The  antennae  of  Palaeaga- 
petus  (Hydroptilidae:  Ptilocolepinae)  are  one-seg- 
mented. The  segment  is  cylindrical,  the  sides  are  scle- 
rotized,  and  the  apex  has  two  large  basiconic  sensilla 
medially  (sinnesstdbchen  or  sensory  rods  of  Nielsen, 
1942;  apical  papillae  of  Ross,  1967;  tubercles  Tm  and 
Tl  of  Denis,  1984a)  and  one  long  trichoid  sensillum 
(seta  of  Nielsen,  1942)  laterally  (Figs.  4,  6a). 

Glossosomatid  type  (type  111  of  Denis,  1984a). 
The  Glossosomatidae  have  vestigial  antennae.  These 
consist  of  a  slightly  raised  membranous  area  bearing 
two  large  basiconic  sensilla  medially,  and  two  long 
trichoid  sensilla  laterally,  one  on  each  side  of  the  basi- 
conic sensilla  (Figs.  5,  6e;  Denis,  1984a,  pi.  Ill,  figs. 
4,6). 

Hydropsychid  type  (type  I  of  Denis,  1984a}.  The 
Philopotamidae,  Stenopsychidae,  and  most  Hydro- 
psychidae  have  antennae  like  the  Glossosomatidae, 
except  that  in  most  taxa  there  are  two  long  and  one 
shorter  trichoid  sensilla  laterally  (Fig.  6f;  Denis, 
1984a,  pi.  I,  figs.  4-6;  pi.  II,  figs.  1^).  The  antennae 
of  Macrostemum  (Hydropsychidae)  have  two  trichoid 
sensilla;  these  are  about  as  long  and  in  the  same  posi- 
tion as  the  longest  two  trichoid  sensilla  in  Nyctiophylax 
(Polycentropodidae,  Fig.  6g). 

Psychomyiid  type  (type  II  of  Denis,  1984a).  The 
antennae  of  Psychomyiidae,  Ecnomidae,  Polycentro- 
podidae, and  Dipseudopsidae  are  like  that  of  the 
Glossosomatid  type,  except  that  there  is  just  one  large 
basiconic  sensillum  medially,  and  two  long  and  one 
short  trichoid  sensilla  laterally  (Fig.  6g;  Denis,  1984a, 
pi.  I,  figs.  1-3;  pi.  II,  figs.  5-6;  pi.  HI,  figs.  1-3). 

Xiphocentronid  type.  The  Xiphocentronidae 
have  antennae  like  the  Glossosomatidae,  except  that 
there  is  just  one  large  basiconic  sensillum  medially. 

Rhyacophilid  type  (type  IV  of  Denis,  1984a).  The 
Rhyacophilidae  and  Hydrobiosidae  have  antennae  of 
the  Glossosomatid  type,  except  that  there  is  just  one  tri- 
choid sensillum;  it  is  large  and  located  between  the  two 
basiconic  sensilla  (Fig.  6h;  Denis,  1984a,  pi.  I,  fig.  8; 
pi.  m,  fig.  5). 


Limnephilid  type  (type  V  of  Denis,  1984a).  The 
Integripalpia  and  Hydroptilinae  (Hydroptilidae),  like 
Palaeagapetus,  have  antennae  of  one  segment.  The 
shaft  is  cylindrical  and  the  sides  sclerotized;  the  apex 
has  one  large  basiconic  sensillum  (Fig.  6b),  or  this 
sensillum  is  not  evident  (Figs.  6c-d).  One  long  tri- 
choid sensillum  arises  either  peripherally  at  the  apex 
or  subapically,  or  this  sensillum  is  absent  (Figs.  6b-d; 
Denis,  1983,  pi.  3,  figs,  c-i;  1984a,  pi.  I,  fig.  9). 

The  antennae  also  have  several  very  small  conical  basi- 
conic sensilla  (organes  coniques  of  Denis,  1984a),  and 
some  campaniform  sensilla  (sensorial  pits  of  Nielsen, 
1948).  Denis  (1984a)  reported  that  Trichoptera  generally 
have  two  very  small  conical  basiconic  sensilla,  but  these 
are  missing  in  later  instars  of  some  Limnephihdae,  and  in 
all  instars  of  certain  others  (Denis,  1984b).  We  have 
observed  three  conical  sensilla  in  SEM  preparations  of 
last-instar  larvae  of  Glossosoma  nigrior  (Figs.  5a-b). 
Nielsen  (1948)  reported  that  in  Hydroptilidae  the  number 
of  campaniform  sensilla  varied  from  zero  (Hydroptila)  to 
four  (Ithytrichia).  Usually  there  are  at  least  two,  which  are 
located  side  by  side  at  the  outer  edge  of  the  antennal  fora- 
men or  on  the  basal  elevation  surrounding  the  foramen 
(Figs.  4-6). 

The  antennae  of  most  larval  Lepidoptera  consist  of 
three  segments;  segments  I  and  II  are  fully  developed.  III 
is  reduced;  segment  I  may  have  up  to  four  campaniform 
sensilla;  II  usually  has  a  campaniform  sensillum  on  the 
side  of  the  segment,  and  the  apex  usually  bears  two  long 
trichoid  sensilla  of  unequal  size,  and  three  or  four  basi- 
conic sensilla,  of  which  two  are  large,  one  is  small  and 
sometimes  resembles  a  trichoid  sensillum,  and  the  fourth 
(if  present)  is  minute;  the  apex  of  III  usually  has  a  large 
styloconic  sensillum,  and  one  large  and  two  small  basi- 
conic sensilla  (Dethier,  1941).  The  antennae  of  Micropter- 
igidae are  made  up  of  three  elongate  segments;  the  apical 
segment  bears  a  long  stylelike  sensillum  (Davis,  1987a, 
figs.  26.28-26.29),  and  there  appear  to  be  campaniform 
sensilla  on  each  segment,  including  a  pair  laterally  at  the 
base  of  segment  I.  Larvae  of  Agathiphagidae  have  anten- 
nae of  one  segment,  with  various  types  of  sensilla  at  the 
apex  (Kristensen,  1984b,  fig.  5).  Antennae  of  Mecoptera 
consist  of  three  segments,  with  numerous  campaniform 
sensilla  on  segments  I  and  II,  and  with  several  small  tri- 
choid sensilla  at  the  apex  of  segment  III  (Dethier,  1941). 

Hypothesis  of  Evolution  of  Caddisfly  Antennae 

Antennae  of  three  segments  are  part  of  the  lepidopteran 
groundplan  (Kristensen,  1984b);  given  the  condition  in 
Mecoptera,  and  in  Diptera,  which  generally  have  one  to 
three  segments  (W.  Hennig,  cited  in  Teskey,  1981),  three 
antennal  segments  is  undoubtedly  the  ancestral  condition 
for  Amphiesmenoptera.  Accordingly,  the  number  of  anten- 
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Fig.  4.  Palaeagapetus  nearcticus,  left  antenna  of  larva,  scanning  electron  micrographs:  (a)  lateral  aspect,  (b)  posterodorsal  aspect.  Abbreviations:  bs,  large 
basiconic  sensillum;  cs.  campaniform  sensillum;  ts,  trichoid  sensillum;  7-5,  various  other  sensilla. 
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Fig.  5.  Glossosoma  nigrior,  larval  antenna,  posterolateral  aspect:  (a-fc)  right  antenna,  scanning  electron  micrographs,  (c)  left  antenna,  photomicrograph. 
Abbreviations:  bs,  large  basiconic  sensillum;  co,  coniform  sensilla;  cs,  campaniform  sensillum;  ts,  trichoid  sensillum. 


Fig.  6.  Character  transformation  series  for  antennal  structure  in  larvae  of  Trichoptera:  (a)  Palaeagapetus  nearcticus.  (h)  Hydroptila  sp..  (r )  Phryganea 
cinerea,  (d)  Limnephilus  indivisus,  (e)  Glossosoma  nigrior,  (f)  Stenopsyche  griseipennis.  (g)  Nyctiophylax  sp.,  (/i)  Rhyacophila  fuscula;  (a,  f)  left  anten- 
na, (b-€,  g-h)  right  antenna;  {a-e)  posterodorsal  aspect,  (f-h)  posterior  aspect. 


nal  segments  in  larval  Trichoptera  has  been  reduced  to 
one.  Two  lines  of  evidence  indicate  that  the  presence  of 
one  well-developed  antennal  segment  is  plesiomorphic  for 
caddisflies  (Denis,  1984a):  in  all  other  panorpoids  there  is 
at  least  one  fully  developed  antennal  segment;  and  in  the 
embryo  of  Stenopsyche  griseipennis  (Stenopsychidae),  the 
antennae  undergo  considerable  reduction  in  size  in  the 
third  to  last  developmental  stage  (Miyakawa,  1973).  The 
antennae  also  become  reduced  in  Neophylax  concinnus 
(Uenoidae),  only  to  increase  in  size  again  when  the 
embryo  emerges  from  the  chorion  (Patten,  1 884). 

As  for  which  segments  have  been  lost  in  Trichoptera, 
there  is  a  general  correspondence  in  number  and  location 
of  sensilla  on  segment  II  of  the  typical  lepidopteran  anten- 
na with  that  of  caddisflies,  especially  Palaeagapetus 
(Hydroptihdae)  and  Glossosomatidae.  The  two  large  basi- 
conic  sensilla  and  the  trichoid  sensillum  at  the  apex  of  the 
antennal  segment  in  Palaeagapetus  appear  to  correspond 
to  the  two  large  basiconic  sensilla  and  one  of  the  trichoid 
sensilla  on  segment  II  in  most  Lepidoptera.  We  have 
observed  five  other  much  smaller  sensilla  in  Palaeaga- 
petus (Fig.  4),  three  of  which  could  correspond  to  the  other 
trichoid  sensillum  and  the  two  smallest  basiconic  sensilla 
present  in  the  typical  Lepidopteran.  The  campaniform  sen- 
sillum on  the  side  of  the  antennal  segment  in 
Palaeagaeptus  could  be  homologous  to  that  present  on  the 
side  of  segment  II  in  most  Lepidoptera.  The  pair  of  cam- 
paniform sensilla  at  the  edge  of  the  antennal  foramen  are 
probably  homologous  to  the  pair  that  we  observed  at  the 
base  of  segment  I  in  Epimartyria  (Micropterigidae).  The 
antennae  of  Agapetus  fuscipes  (Denis,  1984a,  pi.  Ill,  figs. 
4,  6)  comprise  two  long  trichoid  sensilla,  two  large  and 
two  very  small  basiconic  sensilla,  and  a  pair  of  campani- 
form sensilla.  In  Glossosoma  nigrior  there  is  a  third  very 
small  basiconic  sensillum  and  four  campaniform  sensilla. 

Antennal  segments  II  and  III  of  micropterigid  moths 
are  long,  slender,  and  uniformly  tapered,  and  the  typical 
complement  of  sensilla  at  the  apex  of  these  segments  is 
missing.  It  is  unlikely  that  these  traits  are  primitive  for 
Lepidoptera,  because  then  segment  III  would  have  been 
reduced  and  the  sensilla  on  segments  II  and  III  would  have 
developed  independently  in  Lepidoptera  and  Trichoptera. 
Kristensen  (1984b)  indicated  that  the  long  antennae  of 
Micropterigidae  could  be  an  autapomorphy  "correlated 
with  the  unusual  retractibility  of  the  head  in  these  larvae." 

We  conclude  that  antennal  segments  I  and  III  have 
been  lost  in  all  Trichoptera,  while  II  has  been  strongly 
reduced  in  the  Glossosomatidae,  Rhyacophilidae,  and 
Annulipalpia.  The  original  complement  of  sensilla  in 
Trichoptera  consisted  of  two  large  and  at  least  two  very 
small  basiconic  sensilla,  two  trichoid  sensilla,  and  as  many 
as  four  campaniform  sensilla.  The  antennae  of  Glosso- 
somatidae are  usually  entirely  membranous,  but  in 
Glossosoma  nigrior  a  lightly  sclerotized  ring  is  located 


within  the  membrane  (Fig.  5c).  The  two  trichoid  sensilla 
and  two  of  the  campaniform  sensilla  arise  on  the  ring, 
which  is  presumably  the  remnant  of  segment  II.  Besides 
loss  of  antennal  segment  II,  other  changes  that  have  taken 
place  are  increases  or  decreases  in  the  number  and  size  of 
trichoid  sensilla,  and  reductions  in  the  number  and 
changes  in  size  of  the  large  basiconic  sensilla.  The  ple- 
siomorphic number  and  positions  of  the  campaniform  sen- 
silla and  very  small  basiconic  sensilla  remain  unclear,  and 
these  traits  are  not  included  in  our  phylogenetic  analysis, 
nor  is  the  size  of  the  sensilla. 

Nielsen  (1942,  1948)  considered  the  type  of  antenna 
in  the  Rhyacophilidae  and  Glossosomatidae  to  be  primi- 
tive for  Trichoptera.  According  to  Nielsen,  in  Hydroptil- 
idae  one  of  the  two  large  sensory  rods  (basiconic  sensilla) 
present  in  Rhyacophilidae  and  Glossosomatidae  migrated 
to  the  tip  of  the  other  rod,  and  a  seta  (trichoid  sensillum), 
and  sometimes  a  sensory  pore  (campaniform  sensillum) 
also  migrated  onto  the  second  sensory  rod  (this  seta  arises 
on  the  side  of  the  antennal  segment  in  many  hydroptilids). 
There  are  several  arguments  against  Nielsen's  hypothesis. 
The  strongest  is  that  in  Palaeagapetus  there  are  two  large 
basiconic  sensilla  at  the  apex  of  the  antennal  segment.  If 
Nielsen's  interpretation  were  correct,  it  would  be  neces- 
sary to  infer  that  in  Palaeagapetus  one  sensory  rod  migrat- 
ed to  the  tip  of  the  other  rod  and  then  divided  in  two. 
Secondly,  nothing  resembling  the  Rhyacophilid  or 
Glossosomatid  type  of  antenna  is  found  in  the  other 
panorpoid  orders.  Finally,  Denis  (1984b)  reported  that  in 
the  hydroptilid  Stactohia  caspersi  the  trichoid  sensillum  is 
at  the  apex  of  the  segment  in  the  first  instar,  "while  the 
basal  article  becomes  elongated  above  the  insertion  of 
[this  sensillum]"  in  the  last  instar.  Thus,  contrary  to 
Nielsen,  location  of  the  trichoid  sensillum  on  the  side  of 
the  antennal  segment  is  apomorphic  with  respect  to  an  api- 
cal position  for  this  sensillum.  Nielsen  (1942,  1948)  fur- 
ther proposed  that  in  most  Limnephihdae  one  of  the  two 
sensory  rods  has  been  lost.  In  support  of  this  contention 
Nielsen  illustrated  (1942,  fig.  121C)  a  structure  next  to  the 
antenna  of  Stenophylax  nigricomis,  which  he  interpreted 
as  the  distal  part  of  one  of  the  two  sensory  rods  present  in 
Agapetus.  We  were  unable  to  observe  such  a  structure  in  S. 
nigricornis.  Ross  (1967)  also  interpreted  the  antenna  of 
larval  Trichoptera  to  be  represented  by  either  one  or  two 
papillae  (=  sensory  rods  of  Nielsen,  1942).  Krafka  (1923) 
proposed  that  presence  of  a  single  antennal  segment  was 
primitive  for  Trichoptera,  but  gave  no  details. 

Denis  (1984a)  considered  the  presence  of  three  tri- 
choid sensilla  and  two  large  basiconic  sensilla  to  be  prim- 
itive for  Trichoptera,  and  concluded  that  the  Hydropsychid 
type  most  closely  corresponds  to  the  ancestral  condition  in 
Trichoptera,  and  the  LimnephiUd  type  was  derived  from 
an  "ancestral  form"  of  the  Rhyacophilid  type.  However, 
his  conclusion  (Denis,  1984a)  that  the  Hydropsychid  type 
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is  closest  to  the  ancestral  condition  in  Trichoptera  contra- 
dicts his  suggestion  that  a  well-developed  antennal  seg- 
ment is  plesiomorphic  for  the  order  (see  above).  Our  con- 
clusion that  originally  there  were  two  rather  than  three  tri- 
choid  sensilla  is  based  on  outgroup  comparison.  Although 
some  Lepidoptera  have  more  than  two  trichoid  sensilla  on 
segment  II,  the  additional  ones  are  located  proximally  on 
the  side  of  the  segment  rather  than  apically  (Dethier, 
1941).  We  do  agree  with  Denis  (1984b)  that  a  well-devel- 
oped antennal  segment  and  presence  of  two  large  basicon- 
ic  sensilla  are  primitive  for  Trichoptera. 

In  our  interpretation,  no  extant  Trichopteran  exhibits 
all  the  groundplan  characters;  Palaeagapetus  and 
Glossosomatidae  come  closest.  We  propose  that  the 
Ptilocolepine  and  Glossosomatid  types  were  derived  inde- 
pendently from  the  ancestral  type  (Fig.  6).  The 
Limnephilid  type  was  derived  from  the  Ptilocolepine  type. 
The  Rhyacophilid  and  Hydropsychid  types  were  derived 
independently  from  the  Glossosomatid  type,  and  the 
Psychomyiid  type  evolved  from  the  Hydropsychid  type. 
Based  upon  our  hypothesis,  it  is  most  parsimonious  to 
infer  that  the  Xiphocentronid  type  was  derived  either  from 
the  Glossosomatid  type  through  loss  of  one  of  the  large 
basiconic  sensilla,  or  from  the  Psychomyiid  type  through 
loss  of  a  trichoid  sensillum. 

To  summarize,  our  hypothesis  is  that  the  antennae  in 
Trichoptera  have  been  modified  through  losses  of  seg- 
ments I  and  III  from  the  three-segmented  type  held  to  be 
plesiomorphic  for  Lepidoptera.  The  single  peglike  anten- 
nal segment  in  Hydroptilidae  and  Integripalpia  has  been 
reduced  further  to  a  very  small  membranous  area  in 
Glossosomatidae,  Rhyacophilidae,  Hydrobiosidae,  and 
Annulipalpia.  Except  in  Glossosomatidae,  there  have  also 
been  increases  or  decreases  in  the  number  of  trichoid  sen- 
silla and  changes  in  their  position,  and  loss  of  one  of  the 
large  basiconic  sensilla. 

Character  transformation  series  reflecting  our 
hypotheses  for  reduction  of  antennal  segment  II 
(Appendix,  character  3),  number  of  large  basiconic  sensil- 
la (4),  and  number  and  location  of  large  trichoid  sensilla 
(5)  are  used  in  the  phylogenetic  analysis. 

Eyes 

Based  upon  a  survey  of  a  limited  number  of  taxa,  Paulus 
and  Schmidt  (1978)  concluded  that  the  larva  of  the  ances- 
tor of  Amphiesmenoptera  had  seven  contiguous  stemmata 
on  each  side  of  the  head,  each  stemma  with  three  primary 
pigment  cells  (Mantelzellen).  These  authors  then  proposed 
that  in  Integripalpia  the  number  of  stemmata  has  been 
reduced  to  six  through  fusion  of  the  two  most  anterodorsal 
stemmata.  We  found  it  difficult  to  determine  in  our 
unstained  material  the  number  of  stemmata  with  any 
degree  of  confidence.  However,  we  are  certain  that  larval 
Glossosomatidae  have  just  six  stemmata.  Nielsen  (1942) 


reported  six  stemmata  in  most  species  of  Trichoptera  that 
he  studied,  but  just  two  or  three  in  Wormaldia  (Philo- 
potamidae).  A  broader  survey  of  taxa  must  therefore  be 
made  before  the  number  of  stemmata  can  be  employed  as 
a  character  in  phylogenetic  studies  on  Trichoptera.  Paulus 
and  Schmidt  (1978)  also  put  forth,  as  an  apomorphy  for 
Annulipalpia,  reduction  in  the  number  of  primary  pigment 
cells.  Examination  of  this  ultrastructural  character  is 
beyond  the  scope  of  our  study. 

Mouthparts 

Mandibles.  The  structure  of  the  larval  mandibles  in  Trich- 
optera reflects  the  diverse  feeding  habits  in  this  order.  In 
general,  the  mandibles  have  either  an  entire,  scraperhke 
edge,  or  a  cutting  edge  with  one  or  more  teeth  (Wiggins, 
1977).  Both  mandibles  sometimes  bear  a  median  penicil- 
lus,  and  the  left  a  dorsal  penicillus  (Nielsen,  1948).  In 
many  Integripalpia  (e.g.,  Brachycentnts  occidentalis)  the 
pars  incisivus  is  broad  and  has  four  prominent  teeth 
arranged  either  in  a  row  or  in  a  semicircle,  and  the  medial 
surface  of  the  pars  incisivus  is  concave.  The  condition  in 
B.  occidentalis  and  many  other  Integripalpia  is  probably 
plesiomorphic  for  Trichoptera  because  in  larvae  of  many 
Lepidoptera  also  the  pars  incisivus  is  broad  and  has  four 
cusps.  Kristensen  (1984b)  considered  this  to  be  the 
groundplan  condition  for  Lepidoptera,  hence  it  is  probably 
plesiomorphic  for  Amphiesmenoptera.  Presence  of  a  peni- 
cillus could  also  be  plesiomorphic  for  Amphiesmenoptera, 
but  various  Lepidoptera  and  Trichoptera  do  not  have  this 
trait  (Kristensen,  1984b). 

According  to  Nielsen  (1942)  reduction  of  the  upper 
edge  of  the  median  concavity  of  the  pars  incisivus  has 
occurred  in  various  taxa  with  cutting-type  mandibles;  in 
others  the  lower  edge  has  been  reduced,  in  Rhyacophihdae 
to  the  extent  that  a  knife  edge  has  been  formed.  The  teeth 
tend  to  assume  a  subapical  position,  so  that  the  mandible 
is  tapered  to  a  point.  In  species  with  a  scraping-type 
mandible  the  lower  edge  is  reduced,  the  upper  edge 
becomes  more  pronounced,  and  the  teeth  tend  to  be  lost.  A 
difficulty  with  using  this  information  for  phylogenetic  pur- 
poses is  that  mandibular  structure  can  be  very  different  in 
the  early  instars  (e.g.,  in  Agraylea  multipunctata,  Nielsen, 
1948,  fig.  10).  Moreover,  species  in  the  same  genus  can 
have  different  kinds  of  mandibles  in  the  final  instar  (cf. 
Dicosmoecus  atripes  and  D.  gilvipes,  Wiggins  and 
Richardson,  1982).  For  these  reasons,  we  do  not  consider 
mandibular  type  further. 

Prelabium.  In  larvae  of  most  Trichoptera  the 
prelabio-hypopharyngeal  lobe  is  relatively  short,  broadly 
rounded,  and  largely  membranous,  except  for  the  premen- 
tum  (mentum  of  Nielsen,  1942,  and  other  authors;  prelabi- 
al  sclerite  of  Fotius-Jaboulet,  1961)  and  a  few  small  rod- 
like sclerites  (Wiggins,  1977,  fig.  VIB;  Fotius-Jaboulet, 
1961,  figs.  6,  9).  The  labial  palps  are  prominent  and  have 
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one  segment.  This  description  also  applies  to  primitive 
Lepidoptera  (Kristensen,  1984b,  fig.  11),  except  that  most 
Lepidoptera  have  two-segmented  labial  palps  (Kristensen, 
1984b). 

The  prelabio-hypopharyngeal  lobe  of  larvae  of  most 
Polycentropodidae,  Dipscudopsidae,  Psychomyiidae, 
Ecnomidae,  and  Xiphocentronidae  (Annulipalpia)  is  long 
and  tapered;  most  or  all  of  the  venter  and  at  least  the  basal 
portion  of  the  dorsal  surface  of  the  lobe  are  heavily  scle- 
rotized;  and  the  labial  palps  are  closely  appressed  to  the 
sides  of  the  lobe,  or  are  absent  (Wiggins,  1977,  fig.  16.2C). 
The  genus  Polycentropus  (Polycentropodidae)  differs  only 
in  that  the  prelabio-hypopharyngeal  lobe  is  shorter  and 
more  rounded  (Nielsen,  1942,  fig.  55).  The  labial  palps  of 
Ecnomus  (Ecnomidae)  are  unusually  long  and  two-seg- 
mented. Shape  and  degree  of  sclerotization  of  the 
prelabio-hypopharyngeal  lobe,  and  prominence  of  the 
labial  palps,  are  included  as  characters  in  this  study;  the 
condition  of  each  of  these  traits  in  most  Trichoptera  and  in 
Lepidoptera  is  considered  plesiomorphic  (Appendix,  char- 
acters 6-8). 

Silk  press.  The  silk  press  of  the  larva  of  Rhyacophila 
septentrionis  (Rhyacophilidae)  consists  of  a  long,  narrow 
sclerotized  tube,  at  the  posterior  end  of  which  is  a  pair  of 
inconspicuous  dorsolateral  lobes  (Fotius-Jaboulet,  1963, 
fig.  2).  The  associated  musculature  comprises  one  dorsal 
dilator  that  inserts  anteriorly  on  the  roof  of  the  press, 
another  that  inserts  on  the  terminal  apodeme,  and  a  ventral 
dilator  (Fotius-Jaboulet,  1963).  The  silk  press  of  larvae  of 
HydroptiUdae  is  short  and  broad,  and  both  the  posterior 
dorsolateral  lobes  and  the  terminal  apodeme  are  prominent 
(Figs.  7-8).  The  silk  press  of  larvae  of  at  least  some  other 
Trichoptera  (e.g.,  Hydrobiosidae,  Glossosomatidae, 
Hydropsychidae,  Limnephilidae)  differs  with  respect  to 
Rhyacophilidae  and  Hydroptilidae,  and  to  one  another. 
The  silk  press  of  the  larva  of  Agathiphaga  (Lepidoptera: 
Agathiphagidae)  is  evidently  a  long,  simple  tube  with  one 
dorsal  and  one  ventral  dilator  muscle  (Kristensen,  1984b, 
fig.  12).  Although  the  condition  of  the  silk  press  in 
Rhyacophilidae  is  probably  plesiomorphic  for 
Trichoptera,  we  suggest  that  more  detailed  observations 
on  a  broader  range  of  families  of  Trichoptera  and 
Lepidoptera  are  required  before  further  consideration  of 
our  findings. 

Hypopharyngeal  rods.  Nielsen  (1948)  indicated  that 
"an  important  point  of  similarity  between  the 
Rhyacophilidae  and  Hydroptihdae"  is  the  presence  of  long 
hypopharyngeal  rods  on  the  dorsum  of  the  hypopharynx 
(Nielsen,  1942,  fig.  14;  1948,  fig.  IIB).  The 
Hydrobiosidae  also  have  long  hypopharyngeal  rods.  In 
Integripalpia  the  hypopharyngeal  rods  are  represented  by 
only  a  small  anterior  and  posterior  pair  of  sclerites 
(hypopharyngeal  sclerites  2  and  3  of  Fotius-Jaboulet, 
1961;  dorsoanal  and  anal  sclerites  of  Nielsen,  1948).  In 


Glossosomatidae  and  Annulipalpia  hypopharyngeal  scle- 
rite  3  is  not  evident,  while  sclerite  2  may  be  represented  in 
some  taxa  by  a  transverse  band  (e.g.,  Nielsen,  1942,  fig. 
40).  Kristensen  (1984b)  considered  the  hypopharyngeal 
rods  in  Trichoptera  to  be  homologous  to  similar  structures 
in  Agathiphagidae;  if  so,  then  the  condiUon  in 
Rhyacophilidae,  Hydrobiosidae,  and  Hydroptilidae  is 
probably  plesiomorphic.  To  understand  and  use  this  char- 
acter system,  we  believe  it  is  neccessary  to  study  the  asso- 
ciated musculature,  and  therefore  do  not  consider  this 
character  system  further. 

Maxillae.  Mesad  of  the  maxillary  palps  of  larval 
Trichoptera  there  is  a  lobe  which,  according  to  Matsuda 
(1965),  is  the  lacinia,  galea,  or  galeolacinia.  This  "maxil- 
lary lobe"  bears  various  sensilla,  and  its  size  and  shape 
vary  considerably.  The  lobe  is  always  sclerotized  laterally, 
but  the  extent  to  which  this  sclerite  extends  mesally 
around  the  lobe  varies,  and  determines  in  part  the  distrib- 
ution of  the  sensilla,  which  are  confined  to  the  membra- 
nous portion  of  the  lobe.  At  one  extreme,  the  lobe  is  bare- 
ly discernible;  it  is  almost  entirely  membranous,  and  sen- 
silla cover  most  of  the  surface,  as  in  Glossosomatidae, 
some  HydropfiHnae,  and  Goeridae  (Nielsen,  1942,  figs.  26, 
164;  1948,  fig.  46).  In  some  other  taxa  the  lobe  is  promi- 
nent, but  largely  membranous,  as  in  Philopotamidae 
(Nielsen,  1942,  fig.  41).  At  the  other  extreme,  the  maxillary 
lobe  is  long,  cylindrical,  and  largely  sclerotized,  and  the 
sensilla  are  confined  to  the  tip,  as  in  Rhyacophilidae, 
Hydrobiosidae,  Polycentropodidae,  Phryganeidae,  and 
Molannidae  (Wiggins,  1977,  fig.  17.3B). 

The  variation  is  such  that  we  were  unable  to  construct 
a  character  transformation  series  for  the  maxillary  lobe  or 
to  score  all  the  taxa.  Among  Lepidoptera,  the  size,  form, 
and  degree  of  sclerotization  of  this  lobe  (lobarium  of 
Kristensen,  1984b)  also  vary  considerably,  although  we 
did  not  observe  in  Lepidoptera  the  extreme  condition 
shown  by  the  Rhyacophilidae.  In  Mecoptera,  the  maxillary 
lobe  is  prominent,  as  in  the  Philopotamidae.  In  view  of  the 
difficulties  we  do  not  consider  the  maxillary  lobe  further. 

Postlabium 

The  postlabium  (submentum  or  postmentum  of  various 
authors,  e.g.,  Wiggins,  1977,  fig.  VIB)  of  most  Trichoptera 
larvae  bears  a  pair  of  large  setae  which  arise  from  one 
large  sclerite  or  a  pair  of  smaller  ones.  C.  R.  Parker  (pers. 
comm.)  has  observed  that  Kokiriidae  and  Molannidae 
have  a  large  number  of  setae  on  the  postlabium  and  inter- 
preted this  as  a  derived  condition.  We  concur  (Appendix, 
character  9)  because  Lepidoptera  and  Mecoptera  have 
either  two  setae  or  none  at  all  on  the  postlabium. 

Frontoclypeus 

In  larvae  of  most  Trichoptera  frontoclypeal  seta  1 
(Wiggins,  1977,  fig.  IIIC)  is  curved  mesad  and  is  colour- 
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Figs.  7-10.  7-8.  Silk  press  of  larva:  (a)  right  lateral  aspect,  (b)  ventral  aspect.  7.  Palaeagapetus  nearcticus.  8.  Leucotrichia  sp.  9-10.  Head  capsule  of 
larva,  base  of  ventral  apotome.  9.  Arctopsyche  grandis.  10.  Phryganea  cinerea.  Abbreviations:  dl,  dorsolateral  lobe;  of,  occipital  foramen;/?;;  postoccip- 
tal  ridge;  sd,  portion  of  salivary  duct;  sg,  portion  of  silk  gland  duct;  ta,  terminal  apodeme;  va,  ventral  apotome. 


less,  while  other  setae  on  the  frontoclypeus  are  relatively 
straight  and  dark  in  colour.  C.  R.  Parker  (pers.  comm.)  has 
indicated  that  in  Kokiriidae  and  Molannidae  seta  1  is  also 
straight  and  dark  in  colour.  Parker  (pers.  comm.)  consid- 
ered the  latter  condition  of  seta  1  to  be  derived.  We  agree 
(Appendix,  character  10)  but  note  that  in  Lepidoptera  that 
we  examined  seta  1  is  straight  and  colourless,  as  are  the 
other  setae  on  the  frontoclypeus. 

Tentorium 

The  tentorium  is  difficult  to  discern  in  larval  Trichoptera, 
and  this  has  led  to  conflicting  statements  in  the  literature 
about  this  structure  (cf.  Badcock,  1963;  Hinton,  1963).  We 
did  not  study  it,  except  for  location  of  the  anterior  tentori- 
al pits.  In  most  Trichoptera  these  pits  contact  the  frontal 
arms  of  the  dorsal  ecdysial  line.  In  Hydropsychidae  (there 
may  be  exceptions,  Hinton,  1958:185)  the  pits  arise  on  the 
dorsal  apotome  some  distance  mesad  of  the  frontal  arms 
(Badcock,  1963).  Mecoptera  have  the  former  condition; 
those  Lepidoptera  in  which  dorsal  ecdysial  lines  are  rec- 
ognizable have  the  latter  condition.  Provisionally,  we  con- 
sider the  condition  in  which  the  pits  are  in  contact  with  the 
frontal  arms  to  be  plesiomorphic  in  Trichoptera 
(Appendix,  character  II). 

Ventral  Ecdysial  Lines 

Larvae  of  Trichoptera  have  either  one  or  two  ventral 
ecdysial  lines  (Hinton,  1963).  If  there  is  just  one,  it  is 
forked  either  just  anteriorly,  or  both  anteriorly  and  posteri- 
orly so  that  there  is  a  posterior  as  well  as  an  anterior  ven- 
tral apotome.  If  there  are  two  ecdysial  lines,  these  con- 
verge posteriorly  or  are  subparallel,  so  that  the  genae  are 
completely  separated  by  a  triangular  or  lozenge-shaped 
apotome.  Larvae  of  various  Integripalpia,  Agapetus  and 
Protoptila  (Glossosomatidae),  and  all  Annulipalpia  except 
Hydropsychidae  have  only  the  anterior  ventral  apotome. 
Larvae  of  Rhyacophilidae,  Hydrobiosidae,  Glossosoma 
(Glossosomatidae),  Hydroptilidae,  and  most  Hydropsy- 
chidae also  have  a  posterior  ventral  apotome.  Except  for 
some  Hydropsychidae,  e.g.,  Diplectrona  modesta 
(Wiggins,  1977,  fig.  6.4C),  the  posterior  ventral  apotome 
is  quite  small,  and  does  not  extend  anteriorly  beyond  the 
postoccipital  ridge.  Larvae  of  many  Integripalpia  and 
some  Hydropsychidae  have  two  ventral  ecdysial  lines, 
e.g.,  Arctopsyche  grandis  (Hydropsychidae)  and 
Phryganea  cinerea  (Phryganeidae);  in  the  former  the  post- 
occipital  ridge  extends  across  the  apotome  (Fig.  9),  while 
in  the  latter  it  does  not  (Fig.  10). 

Krafka  (1923)  proposed  that  two  subparallel  ventral 
ecdysial  Unes  are  plesiomorphic  for  Trichoptera,  and  the 
two  lines  have  fused  medially  or  posteriorly  to  varying 
degrees  to  produce  the  other  conditions.  Nielsen  (1942), 
citing  Siltala  (1907),  and  Badcock  (1963)  rejected  this 
proposal  because  in  some  Trichoptera  with  two  subparal- 


lel ecdysial  lines  in  later  instars,  e.g.,  Odontocerum 
(Odontoceridae)  and  Molanna  (Molannidae),  the  ecdysial 
lines  in  the  first  instar  converge  posteriorly  and  join  at  the 
occipital  foramen.  We  concur  with  Nielsen  (1942)  that 
originally  in  Trichoptera  there  was  a  single  ventral 
ecdysial  line  which  was  forked  anteriorly. 

The  question  remains  whether  the  ventral  ecdysial 
line  was  also  forked  posteriorly.  Outgroup  comparison 
was  of  no  use  in  resolving  this  issue  because  few 
Lepidoptera  have  ventral  ecdysial  lines;  the  exceptions 
have  a  single  median  line  or  three  parallel  lines  (Hinton, 
1963).  In  Mecoptera,  there  is  a  single  median  line  (Hinton, 
1963;  Kristensen,  1984b).  In  certain  Trichoptera  in  which 
the  ecdysial  line  is  forked  posteriorly  as  well  as  anteriorly, 
the  posterior  apotome  is  smaller  in  the  early  instars  than  in 
the  later  ones  (e.g.,  Diplectrona  felix.  Badcock,  1963). 
This  indicates  that  if  a  posterior  ventral  apotome  was  pre- 
sent in  the  ancestral  Trichopteran,  it  did  not  extend  anteri- 
orly beyond  the  postoccipital  ridge.  Regardless,  it  appears 
that  in  Trichoptera  the  condition  of  two  parallel  ecdysial 
lines  arose  through  fusion  of  the  anterior  and  posterior 
ventral  apotomes.  Given  the  difference  in  extent  of  the 
postoccipital  ridge  in  Hydropsychidae  and  Integripalpia, 
parallel  ecdysial  lines  probably  evolved  independently  in 
these  two  groups.  On  the  basis  of  these  considerations,  we 
propose  one  transformation  series  for  the  ventral  ecdysial 
line  system,  and  tentatively  consider  the  presence  of  a  sin- 
gle ecdysial  line  that  is  forked  only  anteriorly  to  be  the 
most  plesiomorphic  condition  (Appendix,  character  12). 

Tanning  of  the  Head  Capsule 

The  appearance  of  the  head  capsule  of  most  Trichoptera 
larvae  suggests  that  it  is  uniformly  tarmed.  In  Sericos- 
tomatidae  and  some  other  Brevitentoria  (Integripalpia)  the 
venter  of  the  posterior  third  of  the  head  capsule  is  pale  in 
colour,  making  it  difficult  to  discern  the  ventral  ecdysial 
lines  in  that  region.  This  could  represent  a  difference  in 
degree  of  sclerotization,  pigmentation,  or  both;  it  is 
undoubtedly  a  derived  condition  because  in  Lepidoptera 
and  Mecoptera  the  head  capsule  is  uniformly  tanned.  This 
trait  is  included  as  a  character  in  our  study  (Appendix, 
character  13). 

THORAX 

Pronotum 

The  sides  of  the  pronotum  of  larvae  of  most  Trichoptera 
are  not  incised  anteriorly.  The  posterior  margin  is  invari- 
ably thickened;  this  thickening  is  usually  marked  external- 
ly by  a  ridge,  which  we  term  the  posterior  external  ridge 
(Fig.  11).  This  ridge  usually  extends  ventrally  to  the  pos- 
terolateral angle  and  then  anteriorly  to  the  pleural  condyle 
(Wiggins,  1977,  fig.  6.2A).  The  pronotum  is  usually  more 
or  less  uniformly  tanned.  Finally,  the  hind  angles  are  gen- 
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erally  only  slightly  or  not  at  all  prominent. 

Larvae  of  Glossosomatidae  have  the  sides  of  the 
pronotum  notched  anteriorly  to  accommodate  the  propleu- 
ron  (Nielsen,  1942,  fig.  28b).  Some  Integripalpia  have  a 
shghtly  or  strongly  developed  transverse  internal  flange 
laterally  that  more  or  less  parallels  the  anterior  margin  of 
the  pronotum.  The  flange  is  invariably  present  in  taxa  in 
which  the  anterolateral  angle  of  the  pronotum  is  prolonged 
into  a  spine  (e.g.,  Psilotreta  (Odontoceridae),  Fig.  12). 

The  pronotum  of  larvae  of  various  Integripalpia  such 
as  Phryganea  (Phryganeidae)  has  a  transverse  sulcus  that 
extends  more  or  less  parallel  with  the  posterior  margin 
from  the  midline  anteroventrally  to  the  pleural  condyle  a 
short  distance  anterad  of  the  posterior  external  ridge  (Fig. 
11).  This  sulcus  marks  the  position  internally  of  the  tergal 
ridge  of  Tindall  (1964,  fig.  4;  Figs.  11-12).  In  some  taxa 
such  as  Limnephilus  (Limnephilidae)  and  Goera 
(Goeridae)  the  tergal  ridge  is  present  only  laterally.  In 
Goeridae  the  posterior  external  ridge  extends  to  the  antero- 
lateral angles  of  the  pronotum  isolating  the  posterolateral 
portion  of  the  pronotum  (e.g.,  Nielsen,  1942,  fig.  167c). 
Larvae  of  Beraeidae  and  Anomalopsychidae  also  have  a 
posterior  external  ridge  that  extends  to  the  anterolateral 
angles  of  the  pronotum  but  originates  dorsally  about  a 
third  of  the  distance  from  the  posterior  margin  of  the 
pronotum  (Nielsen,  1942,  fig.  70)  and  presumably  is  not 
homologous  with  the  posterior  external  ridge  in  Goeridae. 
In  some  taxa  such  as  Ceraclea  (Leptoceridae),  the  trans- 
verse sulcus  is  not  evident  because  it  is  coincident  with  the 
posterior  external  ridge.  In  still  other  taxa  such  as  Gumaga 
(Sericostomatidae),  the  posterior  third  of  the  pronotum  is 
lightly  tanned,  and  there  is  no  indication  of  the  posterior 
external  ridge. 

The  hind  angles  of  the  pronotum  of  larvae  of 
Ecnomidae,  Psychomyiidae,  Xiphocentronidae,  Polycen- 
tropodidae,  and  Dipseudopsidae  extend  ventrally  and 
come  into  contact  on  the  sternum  behind  the  procoxae 
(Nielsen,  1942,  fig.  51 ).  That  the  prolonged  portion  is  con- 
tinuous with  the  sides  of  the  pronotum  was  verified  by 
examination  of  exuviae  of  the  last  instar  larva.  In 
Philopotamidae  and  Stenopsychidae  the  sternal  region  of 
the  prothorax  is  discemibly  more  sclerotized  behind  the 
procoxae.  This  area  of  sclerotization  extends  laterally  to 
the  hind  angles  of  the  pronotum  but  examination  of  exuvi- 
ae of  the  last  instar  larva  shows  that  the  former  is  a  sepa- 
rate sclerite.  The  Hydropsychidae  have  a  large  sclerite 
behind  the  procoxae,  but  this  plate  is  separated  from  the 
pronotum  by  a  narrow  strip  of  membrane.  The  same  is  true 
for  other  Trichoptera  with  a  sternal  plate,  e.g.,  Hydro- 
biosidae,  Glossosoma  (Glossosomatidae),  Odontoceridae. 

In  larvae  of  Lepidoptera  and  Mecoptera  the  sides  of 
the  pronotum  (dorsal  shield)  are  entire  anteriorly,  the 
pronotum  is  only  slightly  thickened  posteriorly  and  is 
more  or  less  uniformly  tanned,  and  the  posterolateral 


angles  are  not  prolonged.  Thus,  within  Trichoptera, 
anterolateral  notches,  presence  of  an  internal  flange  ante- 
riorly, presence  of  the  tergal  ridge  posteriorly  and  then  its 
confinement  to  the  sides  of  the  pronotum,  light  tanning  of 
the  posterior  third  of  the  pronotum,  and  prolongation  of 
the  posterior  angle  of  the  pronotum  are  derived  features. 
We  include  all  of  these  traits  in  our  data  set  (Appendix, 
characters  14-18).  Ross  (1967)  considered  the  anterior 
location  of  the  pronotal  sulcus  in  Phryganea  and  various 
other  Integripalpia  (variously  referred  to  in  his  paper  as  the 
preapical  crease  or  posterior  suture)  to  be  the  derived  con- 
dition. However,  there  is  intrafamilial  variation  for  this 
trait  (e.g.,  in  Leptoceridae),  and  it  is  not  evident  which 
position  of  the  sulcus  is  apomorphic;  hence,  we  do  not  use 
the  position  of  the  pronotal  sulcus  as  a  character. 

Prostemal  Horn  and  the  Glands  of  Gilson 

Ross  (1967)  stated  that  in  most  taxa  that  he  included  in  the 
Limnephilid  branch  (=  Plenitentoria),  including  Koki- 
riidae,  a  membranous  horn  arises  medially  on  the  proster- 
num.  This  horn  marks  the  position  of  the  gland  of  Gilson, 
the  opening  of  which  is  at  the  tip  of  the  horn  (Gilson, 
1896;  Henseval,  1896).  Several  genera  of  Brachycentridae 
and  Uenoidae  lack  the  prostemal  horn  (Vineyard  and 
Wiggins,  1988),  but  according  to  R.  N.  Vineyard  (unpub- 
lished observations)  examination  of  sectioned  and  stained 
material  shows  that  the  gland  of  Gilson  is  still  present.  We 
have  been  able  to  verify  this  because  the  external  opening 
and  ectodermal  portion  of  the  duct  leading  from  the  gland 
to  the  surface  are  visible  in  larvae  that  have  been  cleared 
in  KOH  or  lactic  acid.  However,  neither  the  horn  nor  the 
duct  is  evident  in  cleared  larvae  of  Kokiria  mihoro 
(Kokiriidae). 

Larvae  of  various  Lepidoptera  belonging  to  the 
Ditrysia  have  a  midventral  cervical  gland  located  anterior 
to  the  prothoracic  legs  (Stehr,  1987:293);  in  at  least  some 
of  these  taxa  the  opening  of  the  gland  is  at  the  tip  of  a 
fleshy  prominence.  There  is  no  evidence  for  such  a  gland 
in  primitive  Lepidoptera  or  in  Mecoptera.  For  this  reason, 
we  consider  the  gland  to  have  independently  evolved  in 
Trichoptera  and  Lepidoptera.  If  so,  then  its  presence  in 
Trichoptera  is  probably  the  derived  condition,  as  is  the 
additional  appearance  of  a  prostemal  hom  (Appendix, 
character  19). 

The  situation  is  more  complicated  than  this  in 
Trichoptera  because  Gilson  (1896)  and  Henseval  (1896) 
found  that  Phryganea  grandis  has  a  counterpart  to  the  pro- 
thoracic  gland  on  both  the  mesothorax  and  metathorax;  the 
opening  of  each  gland  is  located  at  the  anterior  margin  of 
the  sternum.  Gilson  and  Henseval  also  found  that  in  P. 
grandis  all  three  glands  are  bifurcate  and  consist  of  two 
bundles  of  tubules.  In  contrast,  both  authors  reported  that 
in  Limnephilus  flavicomis  the  gland  of  Gilson  is  present 
only  on  the  prostemum  and  consists  of  a  simple  tube. 
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Bicchicrai  and  Morclti  (1986)  indicated  that  all 
Phryganeidac  have  the  condition  in  P.  grandis,  while 
Lepidostomatidae,  other  Limncphilidac,  and  Goeridae 
have  the  condition  in  L.  flavicornis.  We  have  observed  in 
Pycnopsyche  (Limnephilidae)  what  appear  to  be  openings 
on  all  three  thoracic  segments.  The  openings  on  the 
mesothorax  and  metathorax  are  usually  hidden  by  the 
folds  of  the  intersegmental  membrane  and  easily  over- 
looked. Thus,  the  generalizations  of  Bicchierai  and 
Moretti  (1986)  concerning  this  gland  in  Limnephilidae 
require  confirmation.  Moreover,  we  have  observed  in 
some  Brevilentoria,  e.g.,  Gumaga  (Sericostomatidae), 
Molanna  (Molannidae),  and  Limnocentropus  (Limnocen- 
tropodidae),  apparent  openings  on  the  mesothorax  and 
metathorax,  in  positions  corresponding  to  the  openings  of 
the  glands  of  Gilson  in  Phryganea.  If  Gilson's  gland  is 
present  on  the  mesothorax  and  metathorax  of  at  least  some 
Brevitentoria,  this  would  raise  the  possibility  that  presence 
of  this  gland  on  all  three  thoracic  segments  is  primitive  for 
Integripalpia,  or  for  some  part  of  that  group.  Histological 
studies  will  be  required  to  pursue  these  considerations 
further. 

Mesonotum  and  Metanotum 

On  the  mesonotum  of  larvae  of  many  Trichoptera  there  is 
a  single,  large,  dark-coloured  sclerite  which,  except  in  a 
few  taxa,  e.g.,  Zumatrichia  (Hydroptilidae),  Ecnomus 
(Ecnomidae),  and  Hydropsychidae,  is  usually  interrupted 
medially  by  the  dorsal  ecdysial  line.  Otherwise  there  are 
some  smaller,  more  or  less  widely  separated,  sclerites,  or 
the  notum  is  entirely  membranous.  Usually  if  the  mesono- 
tum has  just  a  single  large  sclerite,  the  metanotum  has  only 
some  smaller  sclerites.  Larvae  of  Ecnomidae,  Hydropsy- 
chidae, some  Hydroptilidae,  and  Anomalopsychidae  are 
exceptional  because  there  is  a  single  large  sclerite  on  the 
metanotum  as  well  as  on  the  mesonotum,  which  in  some 
genera  of  Hydropsychidae  is  interrupted  by  a  transverse 
ecdysial  line. 

The  mesonotum  and  metanotum  of  larvae  of  most 
Lepidoptera  and  Mecoptera  are  membranous,  or  each 
bears  several  small,  pale  sclerites.  In  Psychidae  at  least, 
each  segment  has  a  single,  large,  pale  notal  sclerite  (Davis, 
1990,  fig.  31).  We  infer  that  the  membranous  condition  is 
plesiomorphic  for  Trichoptera  (Appendix,  characters  20, 
22). 

Larvae  of  Rhyacophilidae,  Hydrobiosidae,  Glossoso- 
matidae,  and  Annuhpalpia  have  on  the  mesonotum  one 
seta  in  setal  area  (sa)  1,  one  in  sa2,  and  two  in  sa3.  Larvae 
of  HydroptiUdae  and  Integripalpia  have  more  than  two 
setae  in  sa3,  and  usually  there  are  more  than  two  setae  in 
sal,  or  sa2,  or  in  both  areas.  The  situation  is  the  same  on 
the  metanotum,  except  that  Conoesucidae,  Leptoceridae, 
and  Helicophidae  that  we  examined  have  the  condition  in 
Rhyacophihdae. 


Lepidopterists  recognize  four  primary  setae  on  the 
mesonotum  and  metanotum:  setae  Dl,  D2,  SDl,  and  SD2 
(Stehr,  1987).  Williams  and  Wiggins  (1981)  homologized 
setae  SDl  and  SD2  in  Lepidoptera  with  setae  5  and  6  in 
Trichoptera.  Since  setae  5  and  6  are  in  sa3,  it  follows  that 
presence  of  two  setae  in  sa3,  and  one  each  in  sal  and  sa2 
is  plesiomorphic  for  Trichoptera  (Appendix,  characters  21, 
23). 

Pleural  Sclerites  and  Legs 

Larvae  of  Trichoptera  have  one  or  two  well-developed 
pleural  sclerites  on  each  thoracic  segment;  these  were  des- 
ignated by  Tindall  (1963)  as  the  first  and  second  pleural 
sclerites.  Tindall  (1963:447)  suggested  that  the  first  pro- 
thoracic  pleural  sclerite  could  be  the  preepistemum,  but  on 
the  basis  of  musculature  ruled  out  that  it  is  the  protrochan- 
tin.  According  to  Tindall  (1963),  the  second  pleural  scle- 
rite is  subdivided  into  an  epistemum  and  epimeron  sepa- 
rated by  a  pleural  ridge  which  articulates  with  the  coxa. 

The  first  and  second  prothoracic  pleural  sclerites  of 
larvae  of  many  Trichoptera  are  separate  (Figs.  13a,  14a). 
Certain  Hydroptilidae  (e.g.,  Palaeagapetus)  and 
Hydropsychidae  (e.g.,  Arctopsyche,  Diplectrona,  and 
Hydropsyche)  have  two  separate  sclerites  on  all  three  tho- 
racic segments;  usually  the  mesothorax  and  metathorax 
have  only  one  pleural  sclerite  each.  From  the  location  of 
one  large  and  two  small  setae  which  appear  to  be  always 
present  in  Trichoptera  (setae  10,  19,  and  20  of  Williams 
and  Wiggins,  1981),  it  appears  that  the  first  pleural  sclerite 
is  continuous  with  the  second  pleura!  sclerite  in 
Glossosomatidae  and  other  taxa  with  just  one  apparent 
pleural  sclerite.  Nielsen  (1948:28)  noted  this  similarity  in 
setal  patterns,  but  expressed  doubt  that  the  oral  sclerite  of 
the  mesepistemum  and  metepistemum  is  homodynamous 
with  the  protrochantin. 

The  shape  of  propleural  sclerite  1  varies  considerably 
in  Trichoptera,  but  in  most  families  the  ventral  or  mesal 
portion  is  membranous.  In  Psychomyiidae  it  is  hatchet- 
shaped  and  entirely  sclerotized  (Wiggins,  1977,  fig.  16.1). 

The  second  prothoracic  pleural  sclerite  of  larvae  of 
Hydroptilidae,  Integripalpia,  and  Annulipalpia  (except 
Hydropsychidae)  articulates  with  the  pronotum  as  well  as 
the  coxa.  The  point  of  articulation  is  a  condyle  located  at 
the  edge  of  the  pronotum  anterad  of  the  hind  angle.  Larvae 
of  Glossosomatidae  have  such  a  condyle,  but  the  pleural 
sclerite  does  not  articulate  with  the  pronotum.  This  fact 
and  the  unusually  small  size  of  the  second  pleural  sclerite 
in  Glossosomatidae  led  Nielsen  (1948)  to  conclude  that 
lack  of  a  notopleural  articulation  is  a  secondary  condition 
in  this  family.  Rhyacophihdae,  Hydrobiosidae,  Stenopsy- 
chidae,  and  Hydropsychidae  are  the  only  families  of 
Trichoptera  that  do  not  have  at  least  a  trace  of  a  noto- 
pleural articulation. 

The  legs  of  Trichoptera  larvae  usually  have  five  seg- 
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Figs.  11-14.  11-12.  Pronotum  of  larva.  11.  P/iryga/iea  sp.,  external  right  lateral  view  and  cross-section.  12.  PiiVorrera  sp.,  internal  left  lateral  view.  13-14. 
Pleural  region  of  larva,  right  lateral  aspect:  (a)  prothorax,  (b)  mesothorax.  13.  Rhyacophila  sp.  14.  Oligostomis  sp.  Abbreviations:  ca,  coxal  articulation; 
cp,  coxal  process;  ep,  epistemum;  ^j,  first  pleural  sclerite;  if,  internal  flange;  per,  posterior  external  ridge;  pr,  pleural  ridge:  su.  sulcus;  slO,  seta  10;  tr, 
tergal  ridge. 


ments  (six  if  the  tarsal  claw  or  pretarsus  is  considered  a 
segment,  N.  P.  Kristensen.  pers.  comm.),  but  the  tibia  and 
tarsus  are  fused  in  Xiphocentronidae.  The  coxae  are 
prominent — about  as  long  as  the  trochanter  and  femur 
together,  conical  to  subcylindrical  in  shape,  and  sclero- 
tized  on  all  sides.  The  trochanter  is  long,  cylindrical,  com- 
pletely separate  from  the  tibia,  and  subdivided  by  the 
annular  line  (Fig.  15).  All  leg  joints  are  hinged:  the  articu- 
lation between  femur  and  tibia  is  dorsal  and  dicondylic; 
those  between  tibia  and  tarsus,  and  tarsus  and  claw,  are 
dorsal  and  monocondylic.  The  legs  of  larvae  of  some 
Hydroptilidae  and  all  Integripalpia  are  progressively 
longer  from  front  to  rear,  and  except  in  some  swimmers, 
the  larva  walks  on  the  last  two  pairs;  in  larvae  of  other 
Trichoptera  the  legs  are  all  about  the  same  length 
(Wiggins,  1977).  The  walking  legs  are  always  compara- 
tively long  and  slender. 

Larvae  of  Lepidoptera  have  short,  thick,  and  subcorn- 
eal legs.  The  coxae  are  inconspicuous  and  incompletely 
sclerotized.  Generally,  the  legs  are  five-segmented,  but  the 
trochanter  is  small  and  partly  fused  to  the  femur,  and  some 
of  the  other  segments  may  also  be  partly  or  entirely  fused 
together;  in  Micropterigidae  just  three  segments  are  evi- 
dent. Only  the  joints  between  femur  and  tibia,  and  tibia 
and  tarsus,  are  hinged;  both  articulations  are  dorsal  and 
monocondylic.  The  legs  of  Mecoptera  larvae  are  three- 
segmented  and  similar  in  shape  to  those  of  Lepidoptera, 
but  are  more  fleshy  and  the  joints  lack  a  hinge.  In  larvae  of 
both  Lepidoptera  and  Mecoptera  the  pleural  region  is  lim- 
ited to  some  small,  isolated  raised  areas  (pinacula). 

To  find  larvae  of  other  insects  in  which  the  pleural 
sclerites  and  legs  are  as  highly  developed  as  in  Trichop- 
tera, it  is  necessary  to  go  outside  of  the  Panorpoidea  to  the 
neuropteroid  orders.  Snodgrass  (1935:194)  stated  that 
Neuroptera  (s.l.)  and  Trichoptera  larvae  are  unusual  in 
having  a  dicondyhc  femoral-tibial  joint;  according  to 
Snodgrass  this  hinge  is  usually  monocondylic  in  larval 
insects.  The  larva  of  Corydalus  (Megaloptera)  has  a  par- 
ticularly close  resemblance  to  Trichoptera  in  structure  of 
the  legs  and  pleural  sclerites,  and  this  similarity  also 
extends  to  the  anal  prolegs  of  the  abdomen.  For  the  anal 
prolegs,  Pryor  (1951 )  went  so  far  as  to  assert  that  these  are 
homologous  in  Trichoptera  and  Corydalus.  Hinton  (1955) 
rejected  this  proposal,  in  part  because  there  is  no  evidence 
that  the  ancestor  of  either  the  Neuropteroidea  or 
Panorpoidea  had  anal  prolegs.  This  argument  is  not  as 
compeUing  for  the  thoracic  legs  and  pleural  sclerites 
because  the  features  in  Corydalus  could  be  ancestral  for 
Neuropteroidea.  If  this  were  also  true  for  Panorpoidea, 
then  there  have  been  numerous  convergences  for  various 
general  features  of  the  larva  in  Lepidoptera  and  other 
panorpoid  lineages,  and  more  so  if  the  Hymenoptera  are 
the  sister  group  of  the  Panorpoidea. 

These  considerations  place  severe  limits  on  what  can 


be  deduced  using  outgroup  comparison  about  the  condi- 
tion of  the  thoracic  pleural  sclerites  and  legs  (and  also  the 
abdominal  prolegs)  in  the  ancestor  of  Trichoptera. 

Another  difficulty  is  that  some  traits  of  the  pleural 
sclerites  appear  to  be  correlated  with  the  case-making 
behaviour  of  the  larva.  In  larvae  of  the  free-living 
Rhyacophilidae  and  the  retreat-making  Annulipalpia  the 
prothoracic  pleural  ridge  has  an  oblique  orientation,  so 
that  the  point  of  articulation  with  the  coxa  is  well  forward 
of  the  notopleural  articulation — if  any  (Fig.  13a).  The 
pleural  sclerites  of  the  mesothorax  and  metathorax  of  these 
two  taxa  are  also  similar  in  several  respects:  the  pleura  are 
small  and  are  moderately  sclerotized  judging  from  the 
dark  colour,  and  there  is  an  anteriorly  directed  internal 
ridge  anterad  of  the  pleural  ridge  (Fig.  13b).  Furthermore, 
the  coxal  portion  of  the  mesothoracic  and  metathoracic 
coxopleural  articulation  consists  of  a  large,  heavily  sclero- 
tized prominence  (Fig.  13a).  Larvae  of  the  free-living 
Hydrobiosidae  have  the  second  and  third  traits,  but  the 
prothoracic  pleural  sclerites  and  legs  are  located  far  for- 
ward compared  to  other  Trichoptera,  and  the  second  pleur- 
al sclerite  is  very  small,  so  the  first  character  does  not 
apply  to  this  family. 

The  prothoracic  pleural  ridge  of  larvae  that  construct 
portable  cases — Glossosomatidae,  Hydroptilidae  (in  part), 
and  Integripalpia — usually  has  a  nearly  vertical  orienta- 
tion, so  that  the  coxal  articulation  is  almost  directly  below 
the  notal  articulation — if  present  (Fig.  14a),  although  in 
the  free-swimming  larva  of  Nectopsyche  (Leptoceridae) 
the  pleural  ridge  has  an  oblique  orientation.  The  second 
mesothoracic  and  metathoracic  pleural  sclerites  are  large 
(although  in  some  Hydroptilidae  the  epistemum  is  rela- 
tively small),  the  second  pleural  sclerite  is  usually  triangu- 
lar in  shape  and  much  of  it  is  lightly  sclerotized  judging 
from  the  pale  colour  (although  in  Palaeagapetus 
[Hydroptilidae]  the  second  pleural  sclerite  is  more  elon- 
gate, and  heavily  sclerotized),  and  the  epistemum  lacks  an 
anteriorly  directed  internal  ridge  (Fig.  14b).  The  coxal  por- 
tion of  the  mesothoracic  and  metathoracic  coxopleural 
articulations  usually  consists  of  a  small  emargination, 
although  there  is  a  small  prominence  in  Glossosomatidae 
and  Leucotrichia  (Hydroptilidae). 

Nielsen  (1942:301)  stated  that  in  Trichoptera  the  type 
of  coxopleural  articulation  differs  in  eruciform  and  cam- 
podeiform  larvae,  but  body  form  is  also  correlated  with 
use  of  a  portable  case.  However,  for  all  three  traits  of  the 
pleural  sclerites  discussed  above,  the  free-living  larva  of 
Corydalus  has  the  condition  usually  exhibited  by 
Trichoptera  that  construct  a  portable  case.  Despite  the 
potential  difficulty  with  character  correlation,  and  the 
problem  of  making  meaningful  outgroup  comparisons,  we 
employ  several  of  the  above  traits  as  characters — shape 
and  distinctness  of  prothoracic  pleural  sclerite  1 
(Appendix,  character  24),  whether  the  propleural  ridge  has 
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an  oblique  orientation  (25),  whether  the  mesepistemum  and 
mesepimeron  have  an  anteriorly  directed  apodeme  (26),  the 
nature  of  the  pleurocoxal  articulation  (27),  and  length  of  the 
legs  as  expressed  by  the  length  of  the  trochanter  (28).  We 
regard  as  tentative  our  assignment  of  the  primitive  condition 
for  all  but  the  last  of  these  characters. 

The  only  other  characters  of  the  larval  leg  that  we 
employ  concern  the  trochanter  and  adjoining  portion  of  the 
femur,  and  the  claw.  The  trochanter  of  Trichoptera  larvae 
is  subdivided  into  proximal  and  distal  parts,  separated  by 
the  annular  hne  (Tindall,  1963;  Fig.  15).  The  dorsum  of 
one  or  both  parts  of  the  trochanter  may  be  membranous; 
we  term  this  the  open  condition.  On  all  legs  both  parts  of 
the  trochanter  are  open  in  larvae  of  Rhyacophihdae, 
Hydrobiosidae,  Glossosomatidae,  Hydroptilidae,  Hydro- 
psychidae,  Psychomyiidae,  Xiphocentronidae,  and  various 
Integripalpia  (Fig.  15a).  The  Philopotamidae,  Stenopsy- 
chidae,  and  Ecnomidae  differ  in  that  the  distal  part  of  the 
protrochanter  is  completely  sclerotized  (closed  condition. 
Fig.  16a);  the  proximal  part  is  open,  albeit  in  Philopo- 
tamidae the  anterior  side  is  fused  to  the  distal  part  (Fig. 
16a).  All  three  families  have  both  parts  of  the  meso- 
trochanter  and  metatrochanter  open,  although  the  sides  are 
approximate  dorsally  (Fig.  16b).  The  Polycentropodidae 
and  Dipseudopsidae  are  unique  among  Trichoptera 
because  both  parts  of  the  trochanter  are  closed  on  all  legs 
(Fig.  17). 

In  various  families  of  Integripalpia  the  proximal  part 
of  the  trochanter  on  one  or  more  legs  is  closed,  while  the 
distal  part  is  open;  the  opposite  is  never  true  (unlike  the 
Philopotamidae,  Stenopsychidae,  and  Ecnomidae). 
Furthermore,  if  both  parts  of  the  protrochanter  are  closed 
in  Integripalpia,  then  the  distal  part  of  the  metatrochanter 
is  open;  conversely,  if  both  parts  of  the  metatrochanter  are 
closed,  then  the  distal  part  of  the  protrochanter  is  open. 

The  trochanter  of  the  larva  of  the  primitive  lepi- 
dopteran  Heterobathmia  is  relatively  large  and  subdivided 
(Kristensen  and  Nielsen,  1983).  In  this,  Heterobathmia 
resembles  Trichoptera  more  than  other  Lepidoptera,  but 
because  the  distal  part  is  fused  to  the  femur  and  the  prox- 
imal part  is  very  small  and  in  contact  dorsally  with  the  dis- 
tal part  (Kristensen  and  Nielsen,  1983,  fig.  14),  more 
detailed  comparison  seems  unwarranted.  The  trochanter  of 
the  larva  of  Corydalus  (Megaloptera)  is  of  one  piece  and 
entirely  sclerotized. 

Provisionally  we  take  the  open  condifion  of  the 
trochanter  to  be  plesiomorphic  for  larvae  of  Trichoptera 
(Appendix,  character  29)  because  this  state  is  represented 
in  all  major  hneages.  From  the  patterns  described  above,  it 
follows  that  in  Annulipalpia  closure  of  the  distal  part  of  the 
trochanter  occurred  first;  in  Integripalpia  closure  of  the 
proximal  part  took  place  first.  Closure  of  the  distal  part  has 
subsequently  taken  place  in  Integripalpia,  starting  with 
either  the  first  or  the  last  pair  of  legs. 


Lar/ae  of  Odontoceridae  (exccpl  Atriplectides)  have  a 
different  type  of  modification  (Appendix,  character  30): 
either  the  distal  part  or  the  distal  and  proximal  parts  of  the 
trochanter  are  split  lengthwise  ventrally.  Because  both 
parts  are  open  dorsally,  the  trochanter  consists  of  three  or 
four  pieces  (Pseudogoera,  and  other  Odontoceridae, 
respectively,  C.  R.  Parker,  unpublished  observafions). 

A  character  of  the  femur  that  involves  the  trochanter 
is  exhibited  by  Helicopsychidae,  Sericostomatidae, 
Calamoceratidae,  and  Leptoceridae.  There  is  a  break  in  the 
sclerotization  of  the  dorsal  and  anterior  face  of  the  femur 
proximal  to  the  trochanter  so  that  the  base  of  the  femur  is 
cut  off  from  the  rest  of  femur  (pseudo-joint  of  Tindall, 
1964,  fig.  22).  This  is  clearly  a  derived  condition 
(Appendix,  character  31). 

A  modificafion  of  the  tarsal  claw  of  the  middle  and 
hind  pairs  of  legs  is  exhibited  by  Psilotreta  and 
Pseudogoera  (Odontoceridae)  and  by  Heteroplectron 
(Calamoceratidae),  the  claw  being  divided;  in  most 
Trichoptera,  including  Atriplectides  (Odontoceridae)  and 
Phylloicus  (Calamoceratidae),  and  in  Lepidoptera  and 
Mecoptera  the  tarsal  claw  is  entire.  The  latter  is  undoubted- 
ly the  plesiomorphic  condition  (Appendix,  character  32). 


ABDOMEN 

Terga 

Abdominal  segments  I  through  VIII  of  most  Trichoptera 
larvae  are  largely  or  entirely  membranous.  Larvae  of 
Hydroptilidae  for  the  first  four  instars  and  sometimes  the 
fifth,  have  a  single  large,  sclerite  on  the  tergum  of  seg- 
ments I-VIII  (Nielsen,  1948:34).  Most  Annuhpalpia  have 
on  tergum  IX  a  pair  of  small  sclerites  located  considerably 
laterad  of  the  midline;  at  the  posterior  margin  of  each  scle- 
rite is  at  least  one  long  seta  (subequal  in  length  to  seta  7  of 
Wilhams  and  Wiggins,  1981),  and  one  or  more  much 
shorter  setae.  In  Philopotamidae  and  Stenopsychidae  ter- 
gum IX  is  completely  membranous,  and  all  setae  on  ter- 
gum IX  are  inconspicuous.  In  Rhyacophihdae,  Hydro- 
biosdiae,  Glossosomatidae,  Hydroptilidae,  and  most 
Integripalpia  tergum  IX  bears  a  large  sclerite  posteriorly 
(tergal  plate  of  Ross,  1967),  and  all  setae  on  tergum  IX  are 
located  along  the  posterior  margin  of  this  sclerite;  there  is 
a  minimum  of  four  setae,  at  least  one  pair  of  which  is  long. 
In  Beraeidae,  Sericostomatidae,  Helicopsychidae,  and 
Anomalopsychidae  tergum  IX  is  entirely  membranous, 
while  in  Conoesucus  (Conoesucidae)  there  are  two  small 
plates;  in  all  of  these  taxa  the  associated  setae  are  as  long 
and  arranged  as  in  other  Integripalpia. 

Larvae  of  Lepidoptera  have  terga  I-VIII  membranous 
except  for  small  sclerotized  areas  which  are  usually  locat- 
ed around  the  bases  of  setae  (Mutuura.  1980:698). 
Mutuura  (1980)  hypothesized  that  the  prothoracic  shield 
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Rgs.  15-18.  15-17.  Trochanter  of  larva.  15.  Atopsyche  sp.,  metatrochanter:  id)  dorsal  aspect,  {b)  posterior  aspect.  16.  Dolophilodes  sp.,  dorsal  aspect: 
(a)  protrochanter,  {b)  metatrochanter.  17.  Phylocentropus  sp.,  metatrochanter,  dorsal  aspect.  18.  Palaeagapetus  nearcticus,  IV  instar,  abdominal  segments 
I-in,  right  lateral  view;  not  all  setae  shown  on  terga.  Abbreviations:  dp,  distal  part;  pp,  proximal  part. 


and  also  the  anal  plate  of  the  tenth  abdominal  segment 
were  "formed  by  union  of  several  pinacula  with  the  scle- 
rotized  areas  that  are  found  at  the  points  of  attachment  of 
muscles."  Certain  Psychidae  have  on  tergum  IX  a  pair  of 
transverse  pinacula  from  which  three  of  the  four  pairs  of 
dorsal  setae  arise,  but  we  do  not  know  of  a  Lepidopteran 
larva  that  has  just  a  single  large  sclerite  on  tergum  IX. 
Among  larvae  of  Mecoptera,  abdominal  tergum  IX  is 
membranous  in  Boreas  and  is  entirely  sclerotized  in 
Panorpa.  In  both  Lepidoptera  and  Mecoptera  at  least  one 
of  the  setae  on  tergum  IX  is  long. 

It  is  evident  from  the  preceding  discussion  that  pres- 
ence in  Trichoptera  of  large  sclerites  on  tergites  I-VIII  is  a 
derived  trait  (Appendix,  character  33).  It  is  also  probable 
that  Ross  (1967)  was  correct  in  suggesting  that  a  single 
large  tergal  sclerite  on  segment  IX  is  a  derived  condition 
in  Trichoptera.  Absence  of  long  setae  on  tergum  IX  is  also 
derived  in  Trichoptera.  Among  Annuhpalpia  tergum  IX  is 
entirely  membranous  only  in  those  taxa  in  which  all  setae 
on  this  tergum  are  inconspicuous.  In  those  families  of 
Integripalpia  in  which  tergum  IX  is  largely  or  entirely 
membranous,  e.g.,  Beraeidae  and  Conoesucidae,  the 
chaetotaxy  is  the  same  as  in  other  Integripalpia.  In  these 
same  families  the  posterior  third  of  the  head  and  pronotum 
are  lightly  tanned  (characters  10  and  11)  compared  to 
other  Integripalpia.  We  conclude  that  presence  of  a  pair  of 
small  sclerites  on  tergum  IX  with  at  least  one  large  seta 
arising  from  each  sclerite  is  plesiomorphic  for  Trichoptera, 
and  the  membranous  condition  of  tergum  IX  in  some 
Integripalpia  represents  a  separate  state  from  that  in 
Annuhpalpia.  Because  our  conclusions  about  chaetotaxy 
and  sclerotization  of  tergum  IX  are  not  independent  of  one 
another,  we  recognize  one  character  that  incorporates  both 
traits  (Appendix,  character  34). 

Lateral  and  Dorsal  Humps,  and  Abdominal  "Prolegs" 

Larvae  of  most  Integripalpia  have  one  dorsal  and  two  lat- 
eral humps  on  abdominal  segment  I;  the  function  of  these 
humps  is  thought  to  be  related  to  the  use  of  a  larval  case. 
Small  lateral  humps  are  also  present  in  some  taxa  on  seg- 
ment VII,  or  on  segments  VII  and  VIII.  According  to 
Nielsen  (1948),  certain  Hydroptilidae  have  lateral  humps 
on  abdominal  segment  II.  Nielsen  (1948)  proposed  that 
Hydroptilidae  and  Integripalpia  both  originally  had  lateral 
humps  on  abdominal  segments  I-VIII,  and  that  these 
humps  have  been  lost  on  different  segments  in  the  two 
groups.  The  larva  of  Palaeagapetus  (Ptilocolepinae)  is 
significant  in  this  respect  because  it  does  appear  to  have 
lateral  humps  on  segments  I-VIII  (Fig.  18).  The  lateral 
humps  of  Palaeagapetus  are  found  immediately  above  a 
row  of  fleshy  tubercles  which  are  characteristic  for  this 
genus  (Wiggins,  1977).  Each  hump  bears  all  the  lateral 
setae  for  that  segment  (Fig.  18);  the  lateral  humps  on  seg- 
ment I  of  Integripalpia  also  bear  all  of  the  lateral  setae  for 


that  segment  (figures  in  Wiggins,  1977).  We  interpret 
these  observations  as  evidence  that  the  lateral  humps  on 
segment  I  of  Palaeagapetus  and  Integripalpia  are  homolo- 
gous. This  interpretation,  if  correct,  would  provide  support 
for  Nielsen's  proposal,  but  based  on  a  study  of  muscula- 
ture of  certain  Integripalpia,  Fuller,  Tomaszewski,  and 
Marciniak  (1991)  concluded  that  the  dorsal  and  lateral 
humps  are  primitively  absent  in  Brachycentridae.  Such 
investigations  are  beyond  the  scope  of  our  study. 

Discovery  of  what  appear  to  be  lateral  humps  in 
Palaeagapetus  led  us  to  examine  the  row  of  fleshy  tuber- 
cles found  just  ventrad  of  the  lateral  humps.  In  preserved 
material  the  apex  is  always  indented  so  that  the  fleshy 
tubercle  appears  truncate.  The  tubercle  is  most  deeply 
indented  at  the  centre  (Fig.  1 8),  and  there  appears  to  be  a 
muscle  or  ligament  attached  to  this  dimple.  These  obser- 
vations suggest  that  the  tubercles  are  actually  abdominal 
prolegs,  the  indented  portion  of  the  tubercle  corresponding 
to  the  retractile  vesicle  or  planta  of  the  Lepidopteran  pro- 
leg.  Observation  of  living  larvae  would  help  to  resolve  this 
issue.  Even  so,  it  is  unlikely  that  the  abdominal  "prolegs" 
in  Palaeagapetus  and  Lepidoptera  would  turn  out  to  be 
homologous  because  in  Palaeagapetus  the  "prolegs"  are 
located  laterally  rather  than  ventrally,  the  base  of  the  "pro- 
leg"  lacks  setae,  and  there  are  no  crochets.  According  to 
Matsuda  (1976)  and  studies  cited  therein,  embryos  of 
some  Lepidoptera  have  abdominal  appendages  which  on 
segments  III- VI  and  the  last  segment  develop  into  larval 
prolegs.  As  far  as  is  known,  embryos  of  Trichoptera  do 
not  have  abdominal  appendages;  but  neither  does  the 
embryo  of  Neomicropteryx  (figures  in  Kobayashi  and 
Ando,  1 98 1 ),  although  larvae  of  Micropterigidae  do  have 
abdominal  prolegs.  This  makes  it  difficult  to  assess  the 
significance  of  the  embryological  data  in  relation  to 
abdominal  prolegs  in  Trichoptera. 

Lateral  humps  and  abdominal  "prolegs"  are  both  pre- 
sent in  all  instars  of  Palaeagapetus  examined;  in  the  last 
instar  they  are  most  conspicuous  before  the  abdomen 
attains  its  full  size.  Their  presence  is  not  a  feature  of  the 
subfamily  Ptilocolepinae  because  there  is  no  indication  of 
abdominal  "prolegs"  in  the  mature  larva  of  Ptilocolepus, 
nor  are  lateral  humps  evident  (Jacquemart  and  Coineau, 
1962,  fig.  11).  We  did  observe  in  the  fifth  instar  larva  of 
Stactobia  (Hydroptilinae)  what  appear  to  be  prolegs  on 
segments  I-III,  although  the  apical  portion  of  each  "pro- 
leg"  is  rounded  rather  than  truncate.  Nevertheless,  the  api- 
cal portion  is  clearly  differentiated  from  the  basal  portion. 
It  remains  to  be  determined  whether  there  is  some  differ- 
ence in  Stactobia  that  causes  the  apical  portion  of  the  "pro- 
leg"  to  be  everted  when  the  larva  is  preserved,  or  whether 
the  apex  is  not  retractile. 

Lateral  and  dorsal  abdominal  humps  are  unique  to 
some  Trichoptera,  and  we  code  their  presence  on  abdomi- 
nal segment  I  as  a  derived  condition  (Appendix,  character 
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Fig.  19.  Trichoptera  larvae,  schematic  diagram  of  right  anal  proleg,  right-dorsal  oblique  view;  identity  and  location  of  each  seta  are  indicated  by  a  num- 
ber and  circle;  numbers  in  parentheses  are  from  Williams  and  Wiggins  (1981);  (a)  Palaeagapetus,  (b)  Agraylea,  IV  instar,  (c)  Leucotrichia,  {d)  Agraylea, 
V  instar,  (e)  Wormaldia,  (f)  Rhyacophila,  (g)  Glossosoma,  (h)  Mystacides,  (i)  Sericostoma,  (j)  Phryganea.  Abbreviations:  dap,  dorsal  articular  plate;  Ip, 
lateral  plate;  vsp,  ventral  sole  plate. 


35).  In  view  of  the  uncertainties  about  homologies,  we  do 
not  consider  further  the  presence  of  lateral  humps  on  other 
segments.  Presence  of  abdominal  "prolegs"  in 
Palaeagapetus  and  some  other  Hydroptilidae  is  not  taken 
into  account  either. 

Chaetotaxy  of  the  Pleural  Region 

Larvae  of  Spicipalpia  and  of  Philopotamidae, 
Stenopsychidae,  Psychomyiidae,  and  Xiphocentronidae 
(Annulipalpia)  have  on  the  pleural  region  of  abdominal 
segments  II-VIII  a  few  widely  spaced  primary  setae,  and 
in  some  taxa  a  few  secondary  setae.  Some  genera  of 
Hydropsychidae,  e.g.,  Leptonema,  have  small  patches  of 
long  setae  in  the  pleural  region  (Wiggins,  1977,  fig.  6.7). 
In  Ecnomidae  and  Polycentropodidae  much  of  the  pleural 
region  of  segments  II-VIII  is  covered  by  patches  of  long 
setae.  The  Dipseudopsidae  have  on  segments  II-VIII  a  lat- 
eral fringe  of  fine,  single  filaments  which  on  most  seg- 
ments are  short.  The  genus  Neotrichia  (Hydroptilidae) 
also  has  a  lateral  fringe  of  fine,  single  filaments  (Wiggins, 
1977,  fig.  7.8). 

In  larvae  of  Integripalpia,  the  pleural  region  of  at  least 
some  abdominal  segments  has,  in  addition  to  setae,  other 
structures  including  bifid  filaments  (Kerr  and  Wiggins, 
1995;  twin  filaments  of  Denis,  1984b;  haardomen  or  thorn 
hairs  of  Nielsen,  1942);  forked  lamellae  (fork-bearing 
plates  of  Moretti,  Cianficconi,  and  Bicchierai,  1975;  dop- 
peldornen  or  double  thorns  of  Nielsen,  1942;  bifid 
processes  of  Flint,  1960;  lateral  tubercles  of  Wiggins, 
1977;  spicules  of  Weaver,  1984);  and  serrate  lamellae 
(featherlike  organs  of  Denis,  1984b).  Bifid  filaments 
invariably  are  arranged  in  a  lateral  fringe;  a  few  single  fil- 
aments may  be  present  along  with  the  bifid  filaments.  A 
row  of  forked  lamellae  is  often  present  above  the  lateral 
fringe  on  some  segments,  e.g.,  in  Grammotaulius  atomar- 
ius  Fbr  (Limnephilidae),  or  in  line  with  the  fringe  on  seg- 
ment Vni,  e.g.,  in  Molanna  (Molannidae).  Several  fami- 
lies have  serrate  lamellae  but  no  lateral  fringe,  e.g., 
Beraeidae,  and  the  forked  lamellae  (if  present)  are  con- 
fined to  segment  VIII,  e.g.,  in  Gumaga  (Sericostoma- 
tidae).  In  some  taxa  there  are  only  forked  lamellae,  e.g., 
Caenota  (Calocidae)  and  Alloecella  (Helicophidae).  No 
larvae  are  known  to  have  both  a  lateral  fringe  and  serrate 
lamellae. 

Bifid  filaments  are  usually  hollow  and  united  at  the 
base,  but  divided  for  most  of  their  length  (cf.  Denis, 
1984b,  fig.  6a).  Forked  lamellae  are  also  divided  for  most 
of  their  length,  and  at  least  in  Grammotaulius  atomarius 
each  blade  is  hollow  medially  (Moretti,  Cianficconi,  and 
Bicchierai,  1975,  fig.  3).  Moretfi,  Cianficconi,  and 
Bicchierai  (1975)  showed  that  in  G.  atomarius  each  forked 
lamella  has  associated  with  it  one  tormogenous  and  two 
trichogenous  cells,  and  is  supplied  with  a  nerve  fibre;  also 
a  nerve  trunk  extends  parallel  to  the  lateral  line  under  the 


forked  lamellae.  Based  upon  these  observations  they 
inferred  that  each  forked  lamella  consists  of  two  modified 
setae  arising  from  a  sclerotized  base.  The  filaments  of  the 
lateral  fringe  probably  have  a  different  origin  than  lamel- 
lae because  it  does  not  appear  from  the  figures  in  Moretti, 
Cianficconi,  and  Bicchierai  (1975)  that  they  are  associated 
with  trichogen  and  tormogen  cells. 

Larvae  of  primitive  Lepidoptera  and  Mecoptera  have 
only  a  few  primary  setae  in  the  pleural  region  of  abdomi- 
nal segments  II-VIII.  Accordingly,  presence  in  the  pleural 
region  of  patches  of  setae,  a  lateral  fringe,  forked  lamellae, 
or  serrate  lamellae  is  apomorphic  for  Trichoptera.  Since 
the  filaments  of  the  lateral  fringe  are  probably  not  homol- 
ogous with  setae  (see  above),  we  consider  the  large  patch- 
es of  setae  present  in  some  Annulipalpia  to  have  evolved 
independently  of  the  lateral  fringe.  In  contrast,  we  have 
been  unable  to  establish  a  priori  whether  the  lateral  fringe 
evolved  independently  in  Dipseudopsidae,  Neotrichia 
(Hydroptilidae)  and  Integripalpia  because  both  single  and 
bifid  filaments  are  present  in  the  lateral  fringe  of  some 
Integripalpia,  although  only  larvae  that  live  in  close-fitting 
tubes  (a  derived  condition  for  Trichoptera,  see  below) 
have  a  lateral  fringe. 

We  also  have  not  been  able  to  ascertain  from  available 
data  whether  presence  of  both  a  lateral  fringe  and  forked 
lamellae,  or  just  one  of  these  features,  is  plesiomorphic  for 
Integripalpia.  Nielsen  (1942)  reported  that  a  lateral  fringe 
of  bifid  filaments  is  present  in  all  instars  of  Phryganeidae, 
but  not  in  the  first  instar  of  other  Integripalpia.  Denis 
(1984b)  stated  that  as  far  as  is  known  forked  lamellae  first 
appear  in  the  third  instar  of  Plenitentoria,  but  in  the  second 
instar  of  Brevitentoria.  Indications  that  the  lateral  fringe 
appeared  first  are  presence  of  the  lateral  fringe  in  the  first 
instar  of  Phryganeidae,  absence  of  lamellae  in  larvae  of 
this  family,  and  presence  of  filaments  in  all  pupae  of 
Integripalpia  (Kerr  and  Wiggins,  1995).  Alternatively, 
presence  of  both  a  lateral  fringe  and  forked  lamellae  is  ple- 
siomorphic for  larvae  of  Integripalpia  since  the  first  instars 
of  most  Plenitentoria  lack  a  lateral  fringe,  while  a  lateral 
fringe  and  forked  lamellae  are  both  present  in  the  second 
instar  of  those  Brevitentoria  that  have  a  fringe.  Serrate 
lamellae  probably  developed  from  forked  lamellae 
because  no  larvae  are  known  to  have  both  a  lateral  fringe 
and  serrate  lamellae,  while  some  have  both  serrate  and 
forked  lamellae. 

In  view  of  the  many  uncertainties  for  chaetotaxy  of 
the  pleural  region  of  abdominal  segments  II-VIII,  we  rec- 
ognize just  one  transformation  series  with  four  states 
(Appendix,  character  36). 

Chloride  Epithelia,  Anal  Papillae,  and  Tracheal  Gills 

Certain  differentiated  regions  of  epidermis  in  Limnephil- 
idae (s.l.,  including  Goerinae)  are  osmoregulatory  struc- 
tures termed  chloride  epithelia  (Wichard  and  Komnick, 
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1973;  Wichard  and  Schmitz,  1980).  Wichard  (1976)  sug- 
gested thai  some  modified  areas  of  epidermis  in  Molannidae 
and  Hydroptilinae  (Hydroptilidae)  are  also  chloride  epithe- 
ha.  The  chloride  epithelia  of  Limnephilidae  are  seen  as 
"ovoid  areas  of  cuticle  bordered  by  a  thin  sclerotized  line" 
and  may  be  found  venU-ally,  at  the  sides  above  the  lateral 
fringe,  and  dorsally  (Wiggins,  1977:32;  Wichard  and 
Schmitz,  1980).  In  Anaholia  nervosa  Curtis  (Limnephilidae) 
each  chloride  epithelium  actually  comprises  a  number  of 
highly  modified  cells,  and  the  cuticle  is  also  altered 
(Wichard  and  Komnick,  1973;  Wichard,  1976,  fig.  2). 

We  were  able  to  identify  chloride  epithelia  in 
Molanna  tryphena  Betten  (Molannidae),  but  not  in  M. 
flavicornis  Banks.  In  M.  tryphena  the  chloride  epithelia 
are  located  laterally,  and  extend  beneath  adjoining  areas  of 
unmodified  epidermis  so  that  the  lateral  fringe  crosses  the 
chloride  epithelium  slightly  below  the  centre  (Betten, 
1902,  fig.  2,  dermal  glands).  Superficially,  this  gives  the 
chloride  epithelium  in  M.  tryphena  a  unique  appearance, 
but  the  central  portion  resembles  the  chloride  epithelia  in 
Limnephihdae.  In  the  subfamily  Hydroptilinae  the  chlo- 
ride epithelia  are  located  dorsally,  and  are  in  pairs,  or  there 
is  a  single  eliptical  structure  (Nielsen,  1948,  fig.  7; 
Marshall,  1979).  Wichard  (1991)  has  proposed  that  pres- 
ence of  chloride  epithelia  is  a  derived  condition  in 
Trichoptera.  We  agree  and  consider  the  presence  of  chlo- 
ride epithelia  in  Limnephilidae,  Molanna  tryphena,  and 
Hydroptilinae  to  represent  a  single  derived  condition 
(Appendix,  character  37).  A  more  detailed  analysis  of  this 
character  within  the  Plentitentoria  is  being  done  by  Gall 
and  Wiggins  (in  press). 

Another  type  of  osmoregulatory  structure  in  larvae  of 
Trichoptera  is  the  anal  papillae  (Ntiske  and  Wichard, 
1971).  These  are  present  in  all  Annulipalpia, 
Rhyacophilidae,  Hydrobiosidae,  Glossosomatidae,  and 
certain  Hydroptilidae  (e.g.,  Ithytrichia).  Structures  resem- 
bling anal  papillae  have  been  observed  in  Beraea 
(Integripalpia:  Brevitentoria)  by  Nielsen  (1942)  and 
Wiggins  (1954),  and  possibly  some  sericostomatids 
(Nielsen,  1942),  but  not  by  Wichard  (pers.  comm.),  who 
indicates  that  it  is  neccessary  to  demonstrate  an  osmoreg- 
ulatory function  before  calling  such  features  anal  papillae. 
Wichard  (1991 )  suggested  that  presence  of  anal  papillae  is 
a  derived  condition  in  Trichoptera.  However,  the  papillae 
are  difficult  to  detect  in  preserved  material,  and  they  could 
be  present  in  certain  Integripalpia,  as  noted  above.  For 
these  reasons,  we  do  not  use  this  trait  in  our  analyses. 

The  tracheal  gills  have  a  respiratory  function 
(Wichard,  1976),  unlike  the  chloride  epitheha  and  anal 
papillae.  Tracheal  gills  are  found  in  almost  all 
Integripalpia  and  sporadically  among  other  Trichoptera, 
e.g.,  Hydropsychidae  (Annuhpalpia).  Where  they  do  occur 
in  other  Trichoptera,  the  gills  are  different  in  gross  struc- 
ture and  location  from  Integripalpia,  but  this  does  not  rule 


out  the  possibility  that  presence  of  gills  is  plesiomorphic 
for  Trichoptera.  Moreover,  there  is  variation  in  many  fam- 
ilies of  Trichoptera  for  their  presence.  For  these  reasons, 
we  do  not  consider  this  trait  further. 

Anal  Prolegs 

The  sclerotized  portions  of  the  anal  prolegs  of  Trichoptera 
larvae  consist  of  an  anal  claw  and  three  sclerites  (Ross, 
1956)-the  dorsal  articular  plate,  lateral  plate,  and  ventral 
sole  plate  (Fig.  19f).  Six  primary  setae  are  usually  located 
on  or  near  the  three  sclerites  (Williams,  1983),  and  eight 
are  present  on  the  anal  claw  (Nielsen,  1942).  The  former 
were  numbered  by  WiUiams  (1983).  However,  we  propose 
that  what  Williams  identified  as  seta  6  in  Integripalpia  is 
actually  seta  7  (Fig.  19i).  This  is  more  consistent  with  the 
assertions  of  Williams  (1983:84)  about  the  relative  sizes  of 
the  setae  on  the  anal  proleg,  and  is  the  homology  suggest- 
ed by  Nielsen  (1942:308).  We  also  consider  what  WiUiams 
(1983)  identified  as  setae  1,  2,  5,  and  7  in  Integripalpia  to 
be  setae  6,  1,2,  and  5,  respectively  (Fig.  19i).  We  recog- 
nize six  types  of  anal  prolegs  in  Trichoptera. 

Ptilocolepine  type.  In  all  instars  the  claw-bearing 
portion  of  the  anal  proleg  projects  posteriorly  to  a  slight 
extent,  forming  a  distinct  shaft  (the  free  condition  of  vari- 
ous authors);  in  the  first  four  instars  and  the  early  final 
instar  the  anal  claw  points  downward,  while  in  the  mature 
final  instar  larva  the  claw  points  slightly  outward  (Fig. 
19a).  The  lateral  plate  is  confined  to  the  outer  (lateral)  side 
of  the  anal  proleg.  The  ventral  sole  plate  is  in  contact  only 
with  the  base  of  the  anal  claw,  and  seta  6  is  located  at  the 
anterior  margin  of  the  lateral  plate.  The  dorsal  plate  is  rod- 
shaped  and  extends  laterally  to  the  base  of  the  anal  claw. 
Hydroptilidae:  Ptilcolepinae  (Fig.  19a). 

Hydroptiline  type.  In  the  first  four  instars  the  anal 
proleg  (Fig.  19b)  is  of  the  Rhyacophilid  type  and  in  the 
last  instar  (Fig.  19c-d)  it  is  of  the  Limnephilid  type  (see 
below),  except  in  all  instars  the  dorsal  plate  is  rod-shaped. 
Most  Hydroptilinae  (Hydroptilidae). 

Glossosomatid  type.  This  type  differs  from  the 
Ptilocolepine  type  mainly  in  that  the  ventral  sole  plate 
extends  onto  the  mesal  part  of  the  proleg,  and  in  the  vicin- 
ity of  the  anal  claw  this  plate  bears  a  field  of  stout  spines. 
Glossosomatidae  (Fig.  19g). 

Rhyacophilid  type.  This  type  is  similar  to  the 
Ptilocolepine  type  except  that  the  proleg  projects  consid- 
erably farther  posteriorly.  Also,  the  dorsal  plate  is  in  the 
shape  of  an  H,  a  Y,  an  inverted  U,  or  a  rectangle,  and  artic- 
ulates with  but  does  not  extend  below  the  dorsal  margin  of 
the  anal  claw.  All  instars  of  Leucotrichia  (Hydroptilidae) 
(Fig.  19c),  most  Annulipalpia  (Fig.  19e),  Rhyacophilidae 
(Fig.  19f),  and  Hydrobiosidae.  Neotrichia  (Hydroptilidae) 
also  has  this  type  of  proleg  except  that  the  dorsal  plate  is 
rod-shaped  and  in  the  last  instar  extends  laterally  to  the 
base  of  the  anal  claw. 


25 


Polycentropodid  type.  This  is  like  the  RhyacophiHd 
type  except  that  the  proleg  is  even  more  prominent  and 
incorporates  part  of  abdominal  segment  IX  (Pryor, 
1951:367).  Philopotamidae,  Dipseudopsidae,  Polycentro- 
podidae,  and  Ecnomidae. 

Limnephilid  type.  In  all  instars  only  the  claw  of  the 
anal  proleg  projects  posteriorly  and  the  claw  points  out- 
ward. The  lateral  plate  extends  ventrad  and  mesad  of  the 
anal  claw.  The  ventral  sole  plate  articulates  with  or  is  part- 
ly or  completely  fused  to  the  lateral  plate,  and  seta  6  is 
located  at  the  posterior  margin  of  the  lateral  plate  near  seta 
1  (Fig.  19h-j).  The  dorsal  plate  is  absent  or  vestigial,  but 
the  setae  associated  with  this  plate  are  arranged  as  in  taxa 
with  a  rod-shaped  dorsal  plate.  Integripalpia. 

Lack  of  prominence  of  the  anal  proleg  and  outward  orien- 
tation of  the  anal  claw  in  most  final  instar  Hydroptilinae  is 
associated  with  hypertrophy  of  the  abdomen.  Leucotrichia 
and  Neotrichia  are  exceptions  because  the  prolegs  are 
comparatively  prominent,  even  in  the  last  instar.  The  pro- 
legs  of  the  last  instar  larva  of  Palaeagapetus  are  not  as 
prominent  as  in  Leucotrichia  and  Neotrichia;  as  the  larva 
of  Palaeagapetus  matures,  and  the  abdomen  attains  its  full 
size,  the  prolegs  become  even  less  prominent  and  the  anal 
claws  become  oriented  slightly  outward,  even  though  the 
degree  of  hypertrophy  of  the  abdomen  is  less  in  this  genus 
than  in  other  Hydroptilidae.  In  genera  that  exhibit  marked 
hypertrophy,  such  as  Agraylea,  a  difference  in  prominence 
of  the  anal  proleg  was  also  observed  between  mature  and 
early  fifth-instar  larvae,  but  the  claw  was  consistently  ori- 
ented outward.  Thus,  the  similarities  of  the  anal  prolegs 
between  the  last  instar  of  most  Hydroptilinae  and  larvae  of 
Limnephiloidea  may  be  convergences,  the  degree  of  simi- 
larity of  a  species  of  Hydroptilidae  being  partly  dependent 
upon  the  degree  of  hypertrophy  of  the  abdomen,  provided 
that  the  anal  proleg  is  not  very  prominent  initially. 

Larvae  of  Lepidoptera  generally  have  anal  prolegs, 
but  these  occupy  only  a  small  part  of  segment  X,  are 
fleshy,  and  have  an  eversible  planta  ringed  with  crochets, 
rather  than  a  claw.  Pryor  ( 195 1 )  proposed  that  the  anal  pro- 
legs  of  Corydalus  (Megaloptera)  are  homologous  with 
those  of  Rhyacophila,  but  did  not  come  to  a  decision  on 
the  question  of  the  homologies  of  the  anal  prolegs  in 
Lepidoptera;  Matsuda  (1976)  considered  them  all  to  be 
homologous.  Hinton  (1955)  concluded  that  the  anal  pro- 
legs  of  Cordydalus,  Lepidoptera,  and  Trichoptera  were 
derived  independently  of  one  another,  or,  if  they  share  a 
common  origin,  the  original  structure  from  which  the  pro- 


legs  arose  in  the  three  orders  was  very  generalized  (most 
likely  homodynamous  with  the  lateral  abdominal  fila- 
ments in  Corydalus),  and  all  subsequent  changes  took 
place  independently.  Williams  (1983)  proposed  homolo- 
gies between  some  setae  present  on  segment  X  in 
Lepidoptera,  either  on  or  lateral  to  the  anal  shield,  with 
setae  present  in  Trichoptera  on  or  near  the  lateral  plate,  the 
dorsal  articular  plate,  and  the  ventral  sole  plate.  The  impli- 
cation is  that  the  anal  shield  in  Lepidoptera  has  been  incor- 
porated into  the  anal  prolegs  in  Trichoptera.  Williams 
(1983)  refrained  from  proposing  homologies  for  the  setae 
of  the  anal  claw.  However,  there  are  about  the  same  num- 
ber of  primary  setae  on  segment  X  in  Lepidoptera  and 
Trichoptera,  if  the  setae  on  the  anal  claws  are  included. 
This  concordance  indicates  that  in  principle  it  is  possible 
to  homologize  all  the  primary  setae  on  segment  X  in  the 
two  orders. 

We  propose  one  multistate  character  transformation 
series  which  encompasses  degree  of  prominence  of  the 
anal  prolegs  and  orientation  of  the  anal  claws  (Appendix, 
character  38).  This  adequately  expresses  variation  in 
Trichoptera  for  positioning  of  the  lateral  plate,  the  dorsal 
plate,  the  ventral  sole  plate,  and  seta  6,  and  for  shape  of  the 
dorsal  plate.  Nielsen  (1948)  took  the  free  condition  of  the 
anal  prolegs  in  early  instar  Hydroptilidae  and  in 
Rhyacophilidae  to  be  primitive  for  Trichoptera,  as  did 
Ross  (1967).  Weaver  (1983,  1984)  inferred  it  to  be  a 
synapomorphy  for  Annulipalpia,  including  Spicipalpia. 
Krafka  (1924)  considered  the  fused  condition  in 
Leptoceridae  to  be  ancestral.  It  is  evident  that  the  issue 
cannot  be  decided  at  present  using  outgroup  comparison. 
Provisionally,  we  designate  the  Ptilocolepine  type  as  rep- 
resenting the  primitive  condition. 

We  consider  the  presence  of  a  field  of  stout  spines  on 
the  ventral  sole  plate  of  Glossosomatidae  to  be  a  separate 
character  (Appendix,  character  39). 

Finally,  in  larvae  of  most  Trichoptera,  seta  7  of  the 
anal  prolegs  is  located  in  a  relatively  dorsal  position  on  or 
near  the  ventral  margin  of  the  lateral  plate,  about  in  hne 
with  the  junction  of  the  claw  and  the  ventral  sole  plate 
(e.g..  Fig.  19h-i).  In  larvae  of  some  families  of 
Integripalpia,  including  all  of  those  which  Ross  (1967) 
placed  in  the  Limnephilid  branch  (=  Plenitentoria),  seta  7 
is  located  near  the  ventral  articulation  of  the  ventral  sole 
plate  with  the  lateral  plate  (Fig.  19j).  Position  of  seta  7  is 
treated  separately  from  the  other  anal  proleg  characters, 
the  more  ventral  position  being  derived  (Appendix,  char- 
acter 40). 
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Morphology  of  Adults 


HEAD 

Labrum 

Ross  (1967)  considered  adults  of  the  Limnephilid  branch 
of  Integripalpia  (=  Plenitentoria)  to  differ  from  adults  of 
other  Trichoptera  including  the  Leptocerid  branch  (=  Bre- 
vitentoria),  in  having  the  labrum  more  elongate  and  set  off 
by  a  basal  piece  (Crichton,  1957,  figs.  1,  33).  We  have 
been  unable  to  make  this  distinction  with  any  confidence. 
For  example,  in  HeUcopsychidae,  a  member  of  Breviten- 
toria,  the  labrum  is  short  but  does  appear  to  be  set  off  by  a 
basal  piece,  while  in  Mystacides  (Leptoceridae),  which 
also  belongs  to  Brevitentoria,  the  labrum  is  comparatively 
long  and  is  set  off  by  a  basal  piece.  Moreover,  at  least  one 
member  of  Plenitentoria,  Apatania  (Limnephilidae),  has 
the  condition  in  Helicopsychidae.  For  this  reason,  we  do 
not  consider  this  character  further. 

Mouthparts 

Mandibles.  Adults  of  many  Trichoptera  have  rela- 
tively large  mandibles,  which  are  only  partly  hidden  under 
the  labrum  in  repose  (Crichton,  1957,  figs.  48^9).  In 
Integripalpia,  with  the  exception  of  a  few  members  of  the 
Brevitentoria,  the  mandibles  are  reduced  in  size  and  large- 
ly or  entirely  concealed  in  repose  (Crichton,  1957,  fig.  1); 
or  the  mandibles  are  vestigial  (Crichton,  1957,  fig.  33). 
Primitive  Lepidoptera  and  Mecoptera  have  well-devel- 
oped mandibles,  and  this  is  certainly  the  plesiomorphic 
condition  (Appendix,  character  41). 

Labial  palps.  In  adults  of  most  Trichoptera  the  sen- 
silla  on  the  terminal  segment  of  the  labial  palps  are  gener- 
ally distributed,  or  if  some  are  locahzed,  these  do  not  form 
a  pad.  Females  of  many  Integripalpia  have  a  large  pad  of 
sensilla  which  covers  a  large  portion  of  the  inner  surface 
of  the  palp  (Denis  and  Le  Lannic,  1991,  pi.  X,  figs.  1-3). 
The  female  of  Stenopsyche  (Stenopsychidae:  Annuli- 
palpia)  also  has  a  pad  of  sensilla  mesally,  but  this  is  con- 
fined to  the  base  of  the  palp.  Lepidoptera  have  a  sensory 
pit  apically  on  the  inner  face  of  the  palp  (Davis,  1978,  figs. 
215-216,  organ  of  von  Rath).  In  Mecoptera  the  sensilla 
are  generally  distributed  on  the  palp.  The  latter  is  presum- 
ably the  plesiomorphic  condition  in  Trichoptera 
(Appendix,  character  42),  assuming  the  organ  of  von  Rath 
is  not  homologous  to  the  pad  of  sensilla  present  in  most 
female  Integripalpia. 

Maxillary  palps.  Adults  of  many  Trichoptera  have 
five-segmented  maxillary  palps,  but  some  members  of 
Brevitentoria  and  most  Plenitentoria  (Integripalpia)  have 
fewer  segments.  Both  sexes  of  Anisocentropus 
(Calamoceratidae:  Brevitentoria)  have  six-segmented 
palps  (J.  C.  Morse,  pers.  comm.).  Males  of  all  species  of 


Paduniella  (Psychomyiidae:  Annulipalpia)  and  females  of 
some  have  six-segmented  maxillary  palps  (Bowles  and 
Allen,  1988).  Lepidoptera  and  Mecoptera  have  five-seg- 
mented maxillary  palps;  this  is  clearly  the  plesiomorphic 
condition.  We  interpret  change  in  number  of  segments  of 
the  maxillary  palps  as  a  linear  transformation  series 
(Appendix,  character  43). 

In  adults  of  Rhyacophilidae,  some  Hydrobiosidae, 
some  Glossosomatidae,  Ptilocolepinae  (Hydroptilidae), 
Stenopsychidae,  and  some  Philopotamidae,  the  apex  of  the 
terminal  segment  of  the  maxillary  palps  is  drawn  out  to  a 
point  and  is  glabrous,  except  for  one  or  more  coniform 
sensilla  visible  only  at  high  magnifications  (Denis  and  Le 
Lannic,  1991,  pi.  VI,  figs.  5-6;  pi.  XIII,  figs.  9-10).  The 
shape  of  the  palp  and  the  distribution  of  sensilla  in 
Ptilocolepinae  are  similar  in  Micropterigidae  (e.g., 
Chauvin  and  Faucheux,  1981,  fig.  4A);  in  Rhyacophilidae 
and  the  other  taxa  listed  above,  the  palp  is  similar  to  that 
in  some  Eriocraniidae  (e.g.,  Davis,  1978,  fig.  184).  In 
other  Trichoptera,  including  several  Spicipalpia,  e.g., 
Agapetus  (Glossosomatidae),  Atopsyche  (Hydrobiosidae), 
and  Hydroptilinae,  the  apex  of  the  terminal  segment  is  not 
attenuate  but  is  rounded  and  covered  with  setae  and  seti- 
form  and  coniform  sensilla.  Weaver  (1983,  1984)  inferred 
that  in  all  Spicipalpia  there  is  a  prominent  spicule  at  the 
apex  of  the  palps,  referring  presumably  to  the  attenuate 
portion  of  the  palp  in  taxa  such  as  Rhyacophila.  Weaver 
suggested  that  presence  of  a  spicule  is  a  derived  condition 
in  Trichoptera.  However,  reference  to  the  figures  cited 
above  demonstrates  that  in  various  primitive  Lepidoptera, 
including  Micropterigidae,  and  in  some  Mecoptera  (e.g., 
Bittacus)  the  tip  of  the  palp  is  also  attenuate  and  glabrous, 
although  in  other  Lepidoptera  and  Mecoptera  it  is  round- 
ed and  setose.  We  consider,  as  did  Denis  and  Le  Lannic 
(1991),  that  the  attenuate  glabrous  condition  is  plesiomor- 
phic for  Trichoptera  (Appendix,  character  44). 

Segment  2  of  the  maxillary  palps  of  many  adult 
Trichoptera,  including  Hydrobiosidae,  is  cylindrical  and 
longer  than  segment  1  (Crichton,  1957,  figs.  1,  33).  In 
Rhyacophilidae,  Glossosomatidae,  Hydroptilidae,  and 
some  Annulipalpia  (e.g.,  Macrostemum  (Hydropsychi- 
dae),  Nyctiophylax  (Polycentropodidae))  segment  2  is 
ovoid  and  about  as  long  as  segment  1  (Crichton,  1957, 
figs.  48^9).  Lepidoptera  exhibit  the  first  condition;  in 
Mecoptera  segment  2  is  cylindrical,  but  not  necessarily 
long  (e.g.,  Hepburn,  1969,  fig.  43).  Nonetheless,  the  first 
condition  is  undoubtedly  plesiomorphic  (Appendix,  char- 
acter 45). 

The  terminal  segment  of  the  maxillary  palps  of  most 
adult  Trichoptera,  and  of  Mecoptera  and  Lepidoptera,  is 
more  or  less  smooth  and  inflexible.  In  most  Annulipalpia 
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the  terminal  segment  is  annulate  and  flexible,  with  raised, 
sclerotized,  setose  areas  narrowly  separated  by  an  irregu- 
lar network  of  membranous  cuticle  (Fig.  20;  Denis  and  Le 
Lannic,  1991,  pi.  IX,  fig.  1).  We  are  not  certain  whether 
the  terminal  segment  of  the  palps  of  Phylocentropus 
(Dipseudopsidae)  is  annulate,  but  it  is  flexible,  and  the  sur- 
face is  modified  with  respect  to  other  Trichoptera.  The 
palps  of  Paduniella  (Psychomyiidae)  are  most  certainly 
not  annulate,  nor  do  they  appear  to  be  flexible.  The  termi- 
nal segment  and  sometimes  also  the  subterminal  segment 
of  Leptoceridae  (Integripalpia)  is  flexible  (Morse  and 
Holzenthal,  1987),  and  the  surface  appears  to  be  slightly 
pinched  in  at  irregular  intervals  (Fig.  21),  but  the  modifi- 
cations characteristic  of  the  annulate  palps  of  Annulipalpia 
are  not  evident.  Thus,  the  annulate  condition  in 
Annulipalpia  is  clearly  derived  and  not  comparable  to  that 
in  Leptoceridae  (Appendix,  character  46). 

Haustellum.  Adult  Integripalpia  have  a  system  of 
parallel  channels  on  the  upper  surface  of  the  haustellum 
that  extends  from  the  sitophore  nearly  to  the  apex  of  the 
haustellum.  Crichton  (1957),  using  light  microscopy, 
observed  that  the  walls  of  these  channels  are  lined  with 
pectinate  microtrichia  (=  hairs),  and  noted  that  the 
microtrichia  arising  along  the  apical  portion  of  the  chan- 
nels have  a  symmetrical  shape,  while  most  of  those  locat- 
ed more  basally  are  asymmetrical.  Crichton  (1957)  also 
noted  that  around  the  apex  of  the  haustellum  there  is  an 
area  of  scattered  tubercles,  each  of  which  is  drawn  into  a 
symmetrical  pectinate  microtrichium,  and  he  suggested 
that  towards  the  base  of  the  haustellum  these  isolated 
pectinate  microtrichia  "are  joined  by  their  bases  in  longi- 
tudinal ridges,  thus  forming  channels  between  them." 

Crichton  (1957)  indicated  that  a  system  of  chaimels  is 
also  found  in  Polycentropodidae,  but  not  in  Hydropsychi- 
dae,  Ecnomidae,  Psychomyiidae,  and  Philopotamidae,  or 
in  Rhyacophilidae,  Hydroptilidae,  or  Glossosomatidae. 
Among  those  taxa  without  channels,  Crichton  (1957) 
observed  that  the  surface  of  the  haustellum  is  covered  with 
tubercles,  which  on  some  areas  are  drawn  into  either 
unbranched  microtrichia  or  symmetrical  pectinate 
microtrichia  (Hydropsychidae,  Ecnomidae,  Rhyacophili- 
dae) or  just  unbranched  microtrichia  (Philopotamidae, 
Psychomyiidae,  Glossosomatidae,  Rhyacophilidae).  We 
note  that  Phylocentropus  (Dipseudopsidae)  has  only 
unbranched  microtrichia. 

Denis  and  Le  Lannic  (1991),  using  scanning  electron 
microscopy,  concluded  that  Annuhpalpia  (s.s.)  have  a  sys- 
tem of  channels  at  least  on  the  basal  half  of  the  haustellum, 
as  do  Rhyacophilidae,  but  not  Glossosomatidae  or 
Hydroptilidae.  We  suggest  (based  on  observations  of 
adults  preserved  in  lactic  acid)  that  in  Protoptila  sp. 
(Glossosomatidae)  and  Hydwptila  sp.  (Hydroptilidae),  as 
in  Rhyacophilidae,  Hydrobiosidae,  and  m.ost  Annulipal- 
pia, the  microtrichia-bearing  tubercles  are  arranged  in 


short  rows  that  become  longer  and  run  parallel  to  the  long 
axis  of  the  haustellum  only  near  the  sitophore.  In 
Polycentropodidae  the  channels  do  run  parallel  for  most  of 
their  length  to  the  long  axis  of  the  haustellum,  but  are  lined 
only  with  symmetrical  pectinate  hairs.  In  Psychomyia 
(Psychomyiidae),  the  microtrichia  appear  to  be  uniformly 
distributed  on  the  haustellum,  so  there  are  no  channels,  as 
in  some  Hydroptilidae  (e.g.,  Ochrotrichia  sp.)  and  various 
Glossosomatidae  (e.g.,  Glossosoma). 

Weaver  (1983,  1984)  considered  the  presence  of  par- 
allel channels  to  be  plesiomorphic  for  Trichoptera,  based 
on  their  occurrence  in  Polycentropodidae  (Annulipalpia) 
as  well  as  in  Integripalpia,  and  speculated  that  they  are  the 
prototype  of  the  median  food  channel  in  Lepidoptera.  In 
Micropterigidae  and  Heterobathmiidae  the  upper 
hypopharyngeal  surface  bears  a  triangular  field  of 
unbranched  microtrichia  and  the  basal  portion  is  modified 
into  a  triturating  basket  (Kristensen  and  Nielsen,  1979). 
Thus,  a  food  channel  is  not  necessarily  part  of  the 
Lepidopteran  groundplan.  Based  upon  the  condition  found 
in  primitive  Lepidoptera,  we  consider  a  system  of  parallel 
channels  partly  lined  with  asymmetrical  pectinate 
microtrichia,  as  found  in  Integripalpia,  to  be  the  most 
derived  condition  in  Trichoptera,  while  a  uniform  cover  of 
unbranched  microtrichia  represents  the  most  primitive 
state  in  Trichoptera.  The  condition  in  Polycentropodidae  is 
possibly  intermediate  between  that  in  Integripalpia  and 
that  in  Rhyacophilidae,  some  Glossosomatidae  and 
Hydroptilidae,  and  most  Annulipalpia,  but  we  do  not  dis- 
tinguish this  or  any  other  intermediate  state  from  the  ple- 
siomorphic condition  (Appendix,  character  47)  because, 
as  shown  above,  the  distinctions  among  families  of 
Annulipalpia  and  Spicipalpia  indicated  by  Denis  and  Le 
Lannic  (1991)  do  not  appear  to  apply  in  all  instances. 
Further  observations  using  a  variety  of  techniques  are  ne- 
cessary to  clarify  the  issue. 

Ocelli 

Rhyacophilidae,  Glossosomatidae,  and  many  Hydroptili- 
dae have  oceUi,  as  do  some  Annulipalpia,  and.  among 
Integripalpia,  most  Plenitentoria  and  a  few  Brevitentoria. 
Some  Mecoptera  and  Lepidoptera  have  ocelli,  others  do 
not.  We  consider  presence  of  ocelli  to  be  plesiomorphic, 
based  upon  the  premise  that  loss  of  a  character  is  more 
likely  than  reaquisition  of  a  lost  trait  (Appendix,  character 
48). 

In  Hydroptilidae  that  have  ocelli,  and  in  Stenopsy- 
chidae,  the  lateral  ocelli  are  located  near  (within  half  their 
diameter)  to  the  inner  margin  of  the  eye.  Other  Trich- 
optera, and  Lepidoptera  and  Mecoptera,  have  the  lateral 
ocelli  located  further  from  the  eye.  The  latter  is  clearly  the 
plesiomorphic  condition  (Appendix,  character  49). 
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Sutures  and  Warts 

Lepidoplcra  and  Trichoptera  are  unique  among  insects  in 
having  on  the  head  a  large  number  of  sutures,  and  also 
setose  warts  (=  Eltringham's  organs  or  chaetosemata, 
Kristensen  and  Nielsen,  1979).  However,  both  orders  are 
so  diverse  regarding  the  presence  and  configuration  of  the 
various  sutures  and  warts  (figures  in  Ivanov,  1990; 
Kristensen  and  Nielsen,  1979.  fig.  18;  Issiki,  1931,  fig. 
35),  that  these  traits  have  only  limited  value  as  characters 
at  higher  taxonomic  levels  (e.g.,  Ivanov,  1990).  One  trait 
of  the  head  sutures  which  could  be  informative  concerns 
the  temporal  suture.  In  Rhyacophilidae,  Hydrobiosidae, 
and  most  Glossosomatidae  and  Annulipalpia  the  temporal 
suture  appears  to  be  divided  for  most  or  all  of  its  length  by 
a  strip  of  membrane;  this  is  the  open  condition  (Fig. 
22a-b).  In  Hydroptilidae  and  Integripalpia  the  temporal 
suture  is  intact — the  closed  condition  (Fig.  22c).  The  tem- 
poral suture  is  also  closed  in  Protoptila  (Glossosomati- 
dae), Macrostemum  (Hydropsychidae),  Phylocentropus 
(Dipseudopsidae),  and  Xiphocentron  (Xiphocentronidae), 
and  also  in  Mecoptera  and  Lepidoptera.  Hence,  the  closed 
condition  is  plesiomorphic  for  Trichoptera  (Appendix, 
character  50). 

Tentorium 

The  tentorium  of  adult  Trichoptera  consists  of  anterior  and 
posterior  arms,  and  a  tentorial  bridge  (corporotentorium). 
Dorsal  arms  (supratentorium)  may  or  not  be  present,  but  if 
so,  they  arise  from  the  anterior  arms.  The  dorsal  arms  are 
intact  among  Trichoptera  only  in  the  Plenitentoria 
(Weaver,  1984;  Neboiss,  1991),  with  some  notable  excep- 
tions, including  Phryganopsychidae  and  Lepania 
(Goeridae).  A  portion  of  the  anterior  arms  is  sometimes 
expanded,  forming  a  lobe;  in  Rhyacophila  the  tentoriocar- 
dinal  and  stipital  muscles  and  adductors  of  the  scape  orig- 
inate on  this  lobe  (Klemm,  1966,  fig.  5).  In 
Rhyacophilidae,  Hydrobiosidae,  and  various  Plenitentoria 
and  Brevitentoria,  the  tentorial  bridge  has  an  anteromedi- 
an prominence  (Neboiss,  1991,  fig.  1),  which  in 
Atriplectides  and  most  other  Odontoceridae  (Neboiss, 
1991,  figs.  44,  52)  is  paired  (single  in  Pseudogoera).  This 
prominence  perhaps  serves  as  the  origin  of  a  ventral  cibar- 
ial  dilator  (N.  P.  Kristensen,  pers.  comm.).  In  many  cad- 
disflies  the  tentorium  has  the  shape  of  an  H,  with  the  pos- 
terior arms  and  tentorial  bridge  forming  an  arch,  and  the 
posterior  arms  relatively  long  (Neboiss,  1991,  fig.  1); 
more  rarely  it  has  an  X  shape  (Neboiss,  1991,  fig.  19).  In 
some  taxa  the  tentorium  is  U-shaped,  the  posterior  arms 
being  absent,  and  the  anterior  arms  and  tentorial  bridge 
joining  at  the  head  capsule,  e.g.,  in  a  few  Hydropsychidae 
(Neboiss,  1991,  fig.  15),  Phylocentropus  (Dipseudopsi- 
dae), most  Plenitentoria  (Integripalpia),  and  some 
Brevitentoria  (e.g.,  Neboiss,  1991,  fig.  32).  Most  Trich- 
optera have  the  anterior  arms  separate,  but  in  some  the 


arms  are  contiguous,  and  in  a  few  the  arms  are  united 
basally,  e.g.,  in  Philopotamidae  (Neboiss,  1991,  fig.  24) 
and  in  at  least  some  ProtopUlinae  (Glossosomatidae). 

In  adults  of  most  Lepidoptera  the  anterior  arms  are 
subparallel,  while  the  posterior  arms  are  short  and  in  line 
with  the  tentorial  bridge;  thus,  the  tentorium  has  more  or 
less  the  form  of  the  inverted  Greek  letter  phi  (it).  We  con- 
sider this  to  approximate  the  H-shaped  tentorium  in 
Trichoptera.  The  tentorium  of  Mecoptera  is  U-shaped. 
Some  Lepidoptera  have  the  anterior  arms  united  basally, 
but  this  is  considered  to  be  a  derived  condition  (Kristensen 
and  Nielsen,  1979).  In  Lepidoptera  that  we  examined  the 
anterior  arms  lack  lobes,  but  a  lobe  (serving  as  the  origin 
of  the  stipital  muscle)  is  distinct  in  at  least  the  Aglossata 
(i.e.,  Agathiphaga)  and  some  homoneurous  Glossata  (N.  P. 
Kristensen,  pers.  comm.).  The  anterior  arms  of  adult 
Mecoptera  have  medial  lobes  (Hepburn,  1969).  The  dorsal 
arms  are  short  in  the  three  non-glossatan  suborders  of 
Lepidoptera,  but  are  well  developed  in  most  lineages  of 
the  homoneurous  grade  within  the  Glossosata  (N.  P. 
Kristensen,  pers.  comm.).  According  to  N.  P.  Kristensen 
(pers.  comm.)  their  absence  in  Heteroneura  is  secondary, 
short  arms  being  part  of  the  groundplan  of  the  order.  The 
dorsal  arms  are  incomplete  or  lacking  in  many  Mecoptera. 
According  to  Hepburn  (1969),  reduction  or  loss  of  the  dor- 
sal arms  in  Mecoptera  is  accompanied  by  loss  of  a  muscle, 
the  rotator  of  the  scape.  In  neither  Lepidoptera  nor 
Mecoptera  does  the  tentorial  bridge  have  an  anteromedian 
prominence,  but  in  Lepidoptera  there  is  a  posteromedial 
prominence,  which  serves  as  the  insertion  of  the  ventral 
neck  muscles,  and  is  considered  to  be  autapomorphic  for 
the  order  (Kristensen  and  Nielsen,  1979). 

We  infer  that  an  H-shaped  tentorium  is  plesiomorphic 
for  Trichoptera.  Whether  the  lobate  condition  of  the  ante- 
rior arms  is  plesiomorphic  is  not  clear.  Provisionally,  we 
consider  presence  of  one  or  a  pair  of  anteromedian 
processes  on  the  tentorial  bridge  to  be  plesiomorphic  in 
Trichoptera.  Ross  (1967)  and  Weaver  (1983,  1984)  con- 
sidered fully  developed  dorsal  arms  to  be  plesiomorphic 
for  Trichoptera,  presumably  on  the  basis  that  losses  are 
more  likely  than  gains.  This  seems  justified  because  a  tiny 
rudiment  of  the  dorsal  arms  is  present  in  many  taxa. 
Weaver  (1983,  1984)  suggested  that  reduction  of  the  dor- 
sal arms  has  taken  place  differently  in  the  Integripalpia  as 
compared  to  the  Spicipalpia  and  Annulipalpia.  According 
to  Weaver,  reduction  of  the  dorsal  arms  in  the  Integripalpia 
was  a  matter  of  simple  atrophy,  starting  at  the  base  of  the 
antenna;  in  Spicipalpia  and  Annulipalpia  the  anterior  arms 
were  displaced  anteriorly  to  become  fused  with  the  frons. 
It  is  clear  from  the  position  of  the  vestige  of  the  dorsal 
arms  which  is  evident  in  many  Spicipalpia  and 
Annuhpalpia  (Klemm,  1966,  fig.  5;  Neboiss,  1991,  figs. 
1-7),  that  there  has  not  been  any  displacement  of  the  dor- 
sal arms;  hence,  reduction  has  taken  place  by  atrophy  in  all 
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Trichoptera.  In  Spicipalpia  the  frontogenal  suture  tends  to 
be  strongly  inflexed  (Klemm,  1966,  fig.  5;  Neboiss,  1991, 
fig.  1 )  and  this  could  have  misled  Weaver. 

Traits  of  the  tentorium  included  as  characters  in  our 
study  are  overall  shape  (Appendix,  character  51),  degree 
to  which  the  anterior  arms  are  united  (52),  degree  of  devel- 
opment of  the  dorsal  arms  (53),  and  absence  of  any  antero- 
median processes  on  the  tentorial  bridge  (54). 

THORAX 

Prothorax 

Prostemum.  Adult  Trichoptera  have  the  anterior  and 
posterior  borders  of  the  furcastemum  inflected  inwards. 
Anteriorly  the  inflected  sides  of  the  furcastemum  con- 
verge and  are  fused  to  form  a  median  carina  internally. 
This  carina  may  be  continuous  with  a  pair  of  lateral  cari- 
nae  which  extend  from  the  furcae.  Posteriorly  the  inflect- 
ed sides  of  the  furcastemum  also  converge,  but  in 
Spicipalpia  and  most  if  not  all  Integripalpia  they  come  into 
contact  only  dorsomedially  or  not  at  all  (Ross,  1967,  fig. 
2).  In  AnnuUpalpia  exclusive  of  Stenopsychidae  the  sides 
of  the  furcastemum  are  entirely  fused  posteriorly,  forming 
a  narrow  mesal  point.  The  latter  condition  is  approached  if 
not  attained  in  Leptoceridae  and  Odontoceridae 
(Integripalpia).  Ross  (1967,  fig.  3)  described  the  condition 
in  Spicipalpia  and  most  Integripalpia  differently:  posterior 
border  of  prostemum  lightly  sclerotized  medially,  dividing 
the  sides  of  the  mesal  point  into  an  almost  membranous 
central  area. 

Most  Lepidoptera  and  all  Mecoptera  that  we  exam- 
ined have  the  condition  in  Spicipalpia  and  Integripalpia; 
Hepialus  and  Solenobia  appear  to  exhibit  the  condition  in 
most  Annulipalpia,  but  interpretation  of  this  trait  is  not 
straightforward  because  in  Lepidoptera  the  spina  is  con- 
nected to  the  furcastemum  posteriorly;  in  Trichoptera  it  is 
not.  Ross  (1967)  designated  the  condition  in  most 
Annulipalpia  as  plesiomorphic,  but  the  distribution  of  the 
two  character  states  in  Lepidoptera  and  Mecoptera  does 
not  provide  support  for  this  inference.  We  consider  the 
condition  exhibited  by  most  Annulipalpia  to  be  the  derived 
state  (Appendix,  character  55). 

Mesothorax  and  Metathorax 

Wing  venation.  Two  characters  of  the  forewing  that 
have  been  used  at  high  taxonomic  levels  in  Trichoptera  are 
absence  of  crossvein  m  and  absence  of  vein  M4  (Ross, 
1967).  Most  Annulipalpia  have  crossvein  m,  as  does 
Heteroplectron  (Integripalpia:  Calamoceratidae)  (Schmid, 
1980,  fig.  730).  Other  Trichoptera,  including  many 
Xiphocentronidae,  do  not  (figures  in  Schmid  1982a, 
1982b).  Crossvein  m  occurs  in  Hetewbathmia  (Kristensen 
and  Nielsen,  1979,  figs.  28-29),  but  not  in  various 
micropterigids  (Issiki,   1931,  fig.    1)  or  in  many  other 


Lepidoptera.  Kristensen  (1984a)  did  not  include  crossvein 
m  in  an  illustration  of  a  hypothetical  ancestral  moth  (fig. 
14),  nor  did  Kukalova-Peck  (1991)  in  an  illustration  of  a 
fossil  Mecopteran  forewing  (fig.  6.27A).  Extant 
Mecoptera  have  one  or  more  crossveins  m  (Borror, 
Triplehom,  and  Johnson,  1989,  fig.  30-3). 

At  least  the  male  of  most  Integripalpia  lacks  forewing 
vein  M4;  exceptions  are  Beraea  and  Heteroplectron 
(Schmid,  1980,  figs.  649,  730).  This  vein  is  absent  from 
various  micropterigids  (Issiki,  1931,  fig.  1), 
Heterobathmia  (Kristensen  and  Nielsen,  1979,  figs. 
28-29),  eriocraniids  (Davis,  1978),  Yponomeuta  (Incuva- 
riidae),  Adela  (Adelidae),  and  psychid  moths.  Kristensen 
(1984a)  considered  presence  of  vein  M4  to  be  primitive 
for  Lepidoptera.  Designation  of  the  presence  of  both 
crossvein  m  and  vein  M4  as  plesiomorphic  for  Trichoptera 
(Appendix,  characters  56-57)  is  justifiable  on  the  grounds 
that  losses  or  fusions  are  more  likely  than  gains. 

Another  character  of  the  forewing  that  has  been 
analysed  at  the  familial  level  concems  the  position  of  the 
thyridial  cell  (e.g..  Weaver,  1983).  In  most  Trichoptera, 
and  in  Lepidoptera  and  Mecoptera,  the  thyridial  cell  is 
large  and  is  in  contact  or  nearly  so  with  the  medial  cell.  In 
most  Psychomyiidae  and  in  Xiphocentronidae  the  thyridi- 
al cell  is  relatively  small  and  is  separated  from  the  medial 
cell  by  at  least  one-quarter  the  length  of  the  thyridial  cell. 
An  exception  occurs  in  Paduniella  (Psychomyiidae) 
(Ulmer,  1951,  fig.  210;  Hint,  1967,  fig.  1).  The  former  con- 
dition is  obviously  plesiomorphic  (Appendix,  character  58). 

Wing  base.  We  examined  the  wing  bases,  using  the 
studies  of  Ivanov  and  coworkers  on  Trichoptera  (e.g., 
Ivanov,  1985;  Kozlov,  Ivanov,  and  Grodnitsky,  1986)  and 
those  of  Sharplin  (1963)  on  Lepidoptera  as  a  starting 
point,  but  we  were  unable  to  refine  characters  sufficiently 
to  use  them  in  our  phylogenetic  analyses.  We  do  not  rule 
out  the  possibility  that  the  wing  bases  will  ultimately 
prove  useful  in  caddisfly  phylogeny. 

Mesoscutellum.  The  mesoscutellum  of  most 
Trichoptera  and  of  Lepidoptera  and  Mecoptera  is  evenly 
convex  (Ross,  1944,  figs.  80,  83).  In  Hydroptilinae 
(Hydroptilidae)  and  in  Psychomyiidae,  Xiphocentronidae, 
Ecnomidae,  Polycentropodidae,  and  Dipseudopsidae  the 
posterior  portion  of  the  mesoscutellum  is  a  flat  triangular 
area  with  steep  sides  (Ross,  1944,  figs.  438^146).  The  for- 
mer is  plesiomorphic  for  Trichoptera  (Appendix,  character 
59). 

Mesopleuron.  Ross  (1967)  noted  that  in  most 
Trichoptera  there  is  a  short  ridge  on  the  mesopleuron, 
mesopleural  suture  Y,  which  extends  downward  in  front  of 
the  pleurocoxal  articulation  onto  the  katepistemum. 
Tindall  (1965)  termed  this  pleural  ridge  r4.  Annulipalpia 
do  not  have  this  ridge,  except  for  Philopotamidae  and 
Stenopsychidae;  neither  do  Limnocentropodidae.  some 
Hydroptilinae,  and  some  Phryganeidae.  Lepidoptera  and 
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Mecoptera  have  it;  hence,  we  infer  thai  the  presence  of 
pleural  ridge  r4  is  plesiomorphic  for  Trichoptera 
(Appendix,  character  60). 

Mesofurca.  Ross  (1967)  noted  that  in  most 
Trichoptera  the  anteromedial  tendon  of  the  mesofurca  is 
membranous,  while  in  others  the  anteromedial  tendon  is 
sclerotized,  forming  a  beak  (Ross,  1967,  fig.  1).  If  present, 
the  beak  is  usually  short,  but  it  is  long  in  some 
Brevitentoria  (e.g.,  Molanna,  Fig.  23a)  and  in 
Macrostemum  (Hydropsychidae).  Mecoptera  exhibit  the 
first  condition,  as  does  Epimartyria  (Micropterigidae). 
Yponomeuta  (Incuvariidae)  has  a  short  beak,  Adela 
(Adelidae)  a  long  one.  Bagworm  moths  (Psychidae) 
exhibit  a  condition  not  readily  comparable  to  that  in  other 
Lepidoptera.  The  membranous  condition  is  probably  ple- 
siomorphic, and  the  long  beak  the  most  derived  condition 
(Appendix,  character  61). 

Many  Trichoptera  have  the  ventrolateral  arms  of  the 
mesofurca  tapered  to  a  point.  A  few  such  as  Leucotrichia 
(Hydroptilidae)  do  not  have  ventrolateral  arms.  In  most 
Integripalpia  these  arms  are  forked  (Fig.  23a).  Lepidoptera 
have  the  first  condition,  or  lack  ventrolateral  arms.  We 
consider  the  forked  condition  to  be  derived  in  Trichoptera 
(Appendix,  character  62). 

Metafurca.  In  all  Trichoptera,  Lepidoptera,  and 
Mecoptera  the  metafurca  is  forked,  but  in  Molannidae  and 
Atriplectides  (Odontoceridae)  the  metafurca  also  has  a 
median  process  (Fig.  23b).  Presence  of  the  process  is 
clearly  a  derived  condition  (Appendix,  character  63). 

Middle  leg.  The  mesotibia  of  many  Trichoptera  bears 
two  preapical  spurs.  In  Hydroptilinae  and  many 
Integripalpia  there  is  one  or  none.  Presence  of  two  preapi- 
cal spurs  is  plesiomorphic  for  Lepidoptera  (Kristensen, 
1984a,  fig.  14)  and  undoubtedly  also  for  Trichoptera 
(Appendix,  character  64). 

Weaver  (1983,  1984)  stated  that,  unlike  other 
Trichoptera,  in  females  of  Spicipalpia  and  Annulipalpia 
the  tibia  and  tarsus  of  the  middle  leg  are  dilated;  this  is 
reputed  to  facilitate  their  habit  of  swimming  underwater  to 
reach  an  oviposition  site.  However,  the  middle  leg  is  slen- 
der in  Atopsyche  (Hydrobiosidae),  Hydroptilidae,  and 
Diplectrona  (Hydropsychidae),  and  only  slightly  expand- 
ed, if  at  all,  in  Dolophilodes  (Philopotamidae).  With 
respect  to  those  taxa  with  dilated  middle  legs,  in 
Rhyacophilidae  the  tibia  is  swollen  apically,  while  the  rest 
of  the  leg,  including  the  tarsus,  is  slender.  In 
Glossosomatidae  and  Annuhpalpia,  rather  than  being 
swollen,  the  tibia  and  tarsus  are  both  flattened  laterally.  In 
Lepidoptera  and  Mecoptera  the  middle  leg  is  slender.  The 
latter  is  obviously  the  plesiomorphic  condition  in 
Trichoptera.  We  consider  the  condition  in  Rhyacophilidae 
and  that  in  most  Annulipalpia  and  Glossosomatidae  both 
to  be  independently  evolved  from  the  plesiomorphic  con- 
dition (Appendix,  character  65). 


ABDOMEN 

Adult  Female 

There  is  a  general  consensus  in  the  literature  that  an  ovi- 
scapt  bearing  rodlike  apodemes  and  a  cloaca  is  part  of  the 
groundplan  of  the  Amphiesmenoptera  (Ross,  1967:173; 
Matsuda,  1976:418;  Kristensen  and  Nielsen,  1979:115; 
Nielsen,  1980:197;  Schmid,  1989,  fig.  32).  Partly  on  this 
basis,  a  number  of  female  genitalic  characters  have  been 
used  in  previous  studies  on  the  higher  relationships  of 
Trichoptera.  However,  there  are  numerous  difficulties  con- 
cerning the  morphology  of  the  female  genitalic  segments. 

Shape  of  the  apex  of  the  abdomen.  Adult  females  of 
some  Trichoptera  have  a  slender,  tapered,  extensile  ovi- 
scapt,  large  sections  of  which  are  membranous,  e.g., 
Rhyacophila  (Rhyacophilidae)  and  Glossosoma  (Glosso- 
somatidae). In  others  there  is  a  non-extensile  but  flexible 
oviscapt,  e.g.,  Dolophilodes  (Philopotamidae).  In  still  oth- 
ers the  apex  of  the  abdomen  is  blunt,  comprising  sclero- 
tized lobes  and  plates  which  are  non-extensile  and  have  Ht- 
tle  flexibility,  e.g.,  Hydropsyche  (Hydropsychidae)  and 
Phryganea  (Phryganeidae). 

There  is  considerable  intrafamilial  variation  in 
Trichoptera  for  this  trait.  For  example,  among  the 
Philopotamidae,  Wormaldia  has  a  well-developed  retrac- 
tile oviscapt  (Schmid,  1980,  fig.  156);  in  Dolophilodes  the 
oviscapt  is  shorter  (Schmid,  1980,  fig.  136),  and  flexible, 
but  not  retractile;  in  Chimarra  the  apex  of  the  abdomen  is 
blunt  and  largely  sclerotized  (Schmid,  1980,  fig.  175). 
Among  the  Psychomyiidae,  Tinodes  has  an  oviscapt,  but 
the  segments  are  largely  sclerotized  dorsally,  so  that  it  is 
not  retractile;  in  Psychomyia  the  terminal  segments  are  so 
short  (Nielsen,  1980,  fig.  17)  that  it  is  a  matter  of  defini- 
tion whether  an  oviscapt  is  present.  Some  Hydrobiosidae 
such  as  Atopsyche  do  not  have  an  oviscapt  (Dugdale, 
1974,  fig.  8),  while  certain  others  apparently  do,  although 
it  is  probably  not  retractile  (e.g.,  Tiphobiosis  montana, 
Neboiss,  1986).  Among  the  Integripalpia,  Kokiria  has  a 
non-retractile  oviscapt,  but  in  some  other  Kokiriidae  the 
apex  of  the  abdomen  is  blunt  (e.g.,  Kokiria  miharo  and 
Mecynostomella  fusca,  Neboiss,  1986).  As  for  which  con- 
dition is  primitive,  contrary  to  expectation  in  many  primi- 
tive Lepidoptera  such  as  Micropterigidae  and 
Heterobathmiidae,  among  others,  the  apex  of  the  abdomen 
is  blunt  (Mutuura,  1972,  figs.  1-2,  22;  Kristensen  and 
Nielsen,  1979,  figs.  57-59).  Hence,  it  is  not  obvious  which 
condition  is  plesiomorphic  for  Amphiesmenoptera. 

Number  of  abdominal  segments.  According  to 
Schmid  (1970:32,  fig.  1;  1989,  fig.  32),  taxa  with  a  long, 
flexible  retractile  oviscapt  such  as  the  Rhyacophihdae 
have  1 1  recognizable  segments;  but  of  those  taxa  in  which 
the  apex  of  the  abdomen  is  blunt,  segments  X  and  XI  are 
fused  in  the  Integripalpia,  IX  is  reduced  or  absent  in 
Annuhpalpia  (Schmid,  1980,  fig.  136),  and  in  Protoptila 
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Figs.  20-23.  20-21.  Maxillary  palp,  middle  section,  right  lateral  aspect,  areas  with  spiculate  microsculpture  indicated  by  stippling.  20.  Arctopsyche  gran- 
dis.  21.  Mystacides  interjecta.  22.  (a)  Atopsyche  sperryi,  head  of  adult,  posterior  aspect;  (b-c)  schematic  diagram  of  cross- section  through  temporal  suture: 
{b)  open  condition,  (c)  closed  condition.  23.  Molanna  sp.,  adult:  (a)  mesofurca,  (b)  metafurca,  dorsal  aspect.  Abbreviations:  alt,  anterolateral  tendon;  amt, 
anteromedial  tendon;  ep,  mesepimeron;  mp,  median  process;  ts,  temporal  suture;  via.  ventrolateral  arm. 


(Glossosomatidae)  X  and  XI  are  fused  and  IX  is  absent 
(Schmid  1980,  fig.  116).  Matsuda  (1976:402)  accepted 
Schmid's  interpretation.  In  contrast,  Nielsen  (1980:15) 
stated  that  in  female  Trichoptera,  segment  XI  is  fused  to  X 
and  "cannot  be  recognized  as  a  separate  entity,"  while  any 
division  between  X  and  IX  is  secondary;  accordingly  in 
Rhyacophila  there  are  10  segments  (Nielsen,  1980,  fig.  8). 
Mecoptera  have  1 1  abdominal  segments,  and  Lepidoptera 
usually  have  10  or  fewer  (Mutuura,  1972,  fig.  22). 
Nielsen  suggested  that  his  interpretation  is  consistent  with 
musculature.  Schmid's  is  based  upon  the  presence  of  cer- 
tain sclerites,  but  the  sclerites  indicating  the  position  of 
segment  IX  in  females  of  some  species  of  Rhyacophila 
and  Himalopsyche  (Schmid,  1970,  fig.  1;  Schmid  and 
Boto§aneanu,  1966,  fig.  12)  are  absent  in  other  species  of 
these  genera  (Schmid,  1970,  fig.  6;  Schmid  and 
Boto§aneanu,  1966,  fig.  16),  although  they  all  undoubted- 
ly have  the  same  number  of  abdominal  segments.  It  is  evi- 
dent that  the  question  of  the  number  of  abdominal  seg- 
ments in  Trichoptera  requires  further  study  for  this  trait  to 
be  useful  in  phylogenetic  analysis. 

Rod-shaped  apodemes  of  segments  VIII  and  IX. 
Various  Trichoptera  have  two  pairs  of  long  rod-shaped 
apodemes  extending  cephalad  from  the  anterior  margin  of 
segments  VIII  and  IX,  e.g.,  in  Rhyacophila  (Schmid,  1970, 
fig.  1),  most  Glossosomatidae,  all  Hydroptilidae  exam- 
ined, Wormaldia  (Philopotamidae),  Xiphocentronidae,  and 
probably  also  in  Stenopsychodes  (Stenopsychidae)  (based 
on  Schmid,  1969,  figs.  7-9).  Apodemes  are  entirely  lack- 
ing or  vestigial  in  Hydrobiosidae  (Dugdale,  1974,  fig.  8), 
Protoptila  (Glossosomatidae)  (Schmid,  1980,  figs. 
116-120),  Hydropsychidae,  Polycentropodidae,  Psycho- 
myiidae,  and  Integripalpia.  Intermediate  states  are  exhibit- 
ed by  Himalopsyche  (Rhyacophilidae)  (Schmid  and 
Boto§aneanu,  1966,  figs.  12,  16,  18),  Dolophilodes 
(Schmid,  1980,  fig.  136)  and  Chimarra  (Philopotamidae) 
(Schmid,  1980,  fig.  175),  and  Stenopsyche  (Stenopsychi- 
dae) (Schmid,  1969,  figs.  5-6).  In  some  caddisflies  that  do 
not  have  apodemes,  e.g.,  Tinodes  (Psychomyiidae, 
Schmid,  1980,  figs.  208-209),  the  lateral  wall  of  segment 
X  is  provided  with  chitinous  bands,  which  are  not  apophy- 
seal (Matsuda,  1976:325).  In  many  Trichoptera  that  have 
apodemes,  these  extend  posteriorly  as  chitinous  bands  in 
the  lateral  wall,  implying  that  Tinodes,  among  others,  once 
had  rodlike  apodemes. 

According  to  Kristensen  and  Nielsen  (1979),  among 
Lepidoptera,  rod- shaped  apodemes  are  entirely  lacking  in 
Micropterigidae  (Mutuura,  1972,  figs.  1-2),  Heterobath- 
miidae  (Kristensen  and  Nielsen,  1979,  figs.  57-58),  and 
Exoporia,  while  the  anterior  pair  is  lacking  in  some 
Neopseustoidea  (Mutuura,  1972,  fig.  22).  Mecoptera  also 
lack  these  apodemes.  Ross  (1967)  invoked  the  Ukelihood 
of  losses  over  independent  derivation  of  the  rod-shaped 
apodemes  to  justify  designating  their  presence  as  the  ple- 


siomorphic  condition  in  Trichoptera.  Kristensen  (1984a) 
considered  this  condition  to  be  a  probable  synapomorphy 
for  Amphiesmenoptera,  but  notes  (pers.  comm.)  that  the 
segmental  assignment  of  these  rods  in  both  Lepidoptera 
and  Trichoptera  is  problematic.  We  adopt  the  position  of 
both  authors  that  presence  of  both  pairs  of  rods  is  ple- 
siomorphic. 

Presence  of  a  cloaca.  Schmid  (1970:28)  stated  that  in 
the  Spicipalpia  and  Annulipalpia  the  anus  always  opens 
into  the  vaginal  cavity,  forming  a  cloaca  (Schmid,  1969, 
figs.  5-6;  1989,  fig.  32).  However,  Nielsen  (1980:44)  stat- 
ed that  in  Tmodes  (Psychomyiidae)  "the  anus  is  situated  on 
the  dorsal  wall  of  the  genital  chamber  .  .  .  immediately  in 
front  of  the  dorsal  side  of  segment  X.  Since  this  part  of  the 
genital  chamber  morphologically  is  open  on  the  ventral 
side  it  perhaps  is  not  correct  to  speak  of  a  cloaca." 
Furthermore,  in  Hydropsyche  (Hydropsychidae),  which 
along  with  Holocentwpus  and  Polycentropus  (Polycentro- 
podidae) has  an  atrium  into  which  the  reproductive  and 
digestive  tracts  open,  "the  intestine  and  the  genital  tract 
have  not  a  common  opening  .  .  .  unless  the  'mouth'  of  the 
atrium  is  considered  as  the  common  opening"  (Nielsen, 
1980:85).  In  Hydropsyche  the  colleterial  duct  opens  into 
the  posteriormost  part  of  the  genital  chamber  (Nielsen, 
1980:87).  However,  in  Holocentropus  (=  Polycentropus 
s.l.)  the  colleterial  duct  opens  on  the  inside  of  the  upper  lip 
of  the  atrium,  outside  the  genital  chamber  (Nielsen, 
1980:16);  by  the  criteria  of  Dugdale  (1974)  this  genus  has 
a  genital  pouch. 

Dugdale  (1974:130,  fig.  8)  reported  that  the  rectal  and 
genital  systems  are  unassociated  in  the  Hydrobiosidae,  and 
the  colleterial  duct  opens  beyond  the  genital  chamber,  so 
that  there  is  a  genital  pouch.  Schmid  (1989:13)  found 
Dugdale's  observations  on  the  Hydrobiosidae  to  be  eton- 
nante,  but  we  find  that  Dugdale's  description  applies  to 
Atopsyche.  Moreover,  the  condition  of  the  female  genitalia 
in  Protoptila  (Glossosomatidae)  does  not  seem  to  us  to  be 
much  different  from  that  in  Atopsyche,  although  we  have 
not  been  able  to  observe  the  duct  of  the  colleterial  gland. 
It  is  reasonable  to  conclude  that  a  cloaca  is  present  in  all 
Trichoptera  with  a  long,  retractile  oviscapt.  Some  with  a 
non-retractile  oviscapt  such  as  Stenopsyche  also  have  a 
cloaca,  but  it  seems  that  the  shorter  the  terminal  segments 
the  more  likely  it  is  that  the  anal  and  genital  openings  are 
separate;  then  it  is  still  necessary  to  determine  whether  the 
openings  are  contiguous  as  appears  to  be  the  case  in 
Hydropsyche  and  in  various  Integripalpia  such  as 
Molannidae  (Nielsen,  1980,  fig.  63)  and  Limnocentropo- 
didae,  or  widely  separated  as  in  many  other  Integripalpia 
such  as  Phryganeidae  (Nielsen,  1980,  fig.  78). 

Matsuda  (1976:418)  referred  to  the  presence  of  a 
cloaca  in  Amphiesmenoptera  as  an  "archaic  specializa- 
tion," presumably  because  the  rectal  and  genital  systems 
are    unassociated    in    most    other    insects,    including 
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Mecoptera.  Kristensen  and  Nielsen  agreed  (1979:126),  but 
noted  that  the  rectal  and  genital  systems  are  not  associated 
in  Heterobathmia  (Kristensen  and  Nielsen,  1979,  figs.  59, 
61)  or  Neopseustidae.  Whatever  the  merits  of  this  argu- 
ment, we  do  not  consider  this  trait  in  our  phylogenetic 
analyses  because  of  the  difficulty  in  ascertaining  the  con- 
dition in  many  Trichoptera. 

Location  of  the  gonopore.  Schmid,  cited  in  Matsuda 
(1976:406),  stated  that  in  Rhyacophila  the  gonopore  is 
located  on  the  apical  part  of  segment  X,  while  in  the 
Dicosmoecinae  (Limnephilidae)  the  opening  is  at  the  apex 
of  segment  IX,  and  in  the  Limnephihnae  between  seg- 
ments Vni  and  IX.  According  to  Nielsen  (1980:16),  in 
some  Spicipalpia  such  as  Hydroptilidae  and  in  some 
Integripalpia  such  as  Sericostoma  (Sericostomatidae)  "the 
genital  opening  is  surrounded  by  four  hps"  (e.g.,  Nielsen, 
1980,  figs.  41,  50),  the  anterior  and  posterior  gonopods 
(=  valvulae  =  gonapophyses,  Tuxen  1970:272).  The  basal 
pair  have  fused  to  form  a  false  segment  IX;  the  true  venter 
of  IX  and  even  part  of  X  form  the  dorsal  wall  of  the  geni- 
tal chamber  so  that  primitively  in  Trichoptera  the  common 
oviduct  opens  caudally  between  segments  VIII  and  IX,  as 
in  most  other  insects,  and  the  posterior  opening  in 
Rhyacophilidae  is  secondary  and  due  to  fusion  of  the  pos- 
terior gonapophyses  (Nielsen,  1980:15-16,  196-197). 
Lepidoptera  with  a  cloaca  have  the  anal-genital  opening 
located  at  the  apex  of  segment  X  (Mutuura,  1972,  fig.  1). 
In  Heterobathmia  and  Mecoptera  the  gonopore  is  located 
between  segments  VIII  and  IX. 

Kristensen  and  Nielsen  (1979:126),  citing  Nielsen 
(1980:15),  asserted  that  the  morphologically  primitive 
condition  for  Trichoptera  is  for  the  genital  chamber  to 
open  in  a  longitudinal  depression  behind  venter  VIII. 
Nielsen  (1980)  indicated  that  Ecnomus  (Ecnomidae)  and 
Psychomyia  (Psychomyiidae)  have  this  condition,  albeit  in 
Psychomyia  the  gonopore  has  shifted  posteriorly. 
According  to  Kristensen  and  Nielsen  (1979:126,  figs.  59, 
61),  the  same  condition  also  occurs  in  Heterobathmia 
(Lepidoptera),  so  that  "the  superficial  similarity  [of  the 
female  postabdomen]  between  Heterobathmia  and  .  .  . 
Psychomyia  is  particularly  striking."  The  condition  in 
Limnocentropus  (Limnocentropodidae)  also  fits  this 
description  (Wiggins,  1969,  figs.  17-21);  and  possibly  that 
in  Molannidae,  where  according  to  Nielsen  (1980:125)  the 
genital  opening  is  located  in  a  vertical  cleft.  That  the  anal 
and  genital  openings  are  configuous  in  Limnocentropo- 
didae and  Molannidae  suggests  to  us  that  the  cleft  condi- 
tion is  primitive  for  Integripalpia.  We  are  reluctant  to  use 
this  as  a  character  because  some  of  the  derived  conditions 
are  difficult  to  relate  to  one  another — for  example,  it  is 
doubtful  that  the  atrium  in  Hydropsychidae  is  comparable 
to  the  broad  depression  in  most  Integripalpia. 

Nature  of  the  subgenital  plate.  According  to  Nielsen 
(1980),  in  Integripalpia  external  gonopods  VIII  and  IX 


have  fused,  forming  the  subgenital  plate  (=  apical  lobes, 
ventral  plate),  which  originally  was  separate  from  sternum 
VIII  (Nielsen,  1980,  fig.  50).  The  subgenital  plate  then 
fused  to  sternum  VIII  (Nielsen,  1980,  fig.  80).  However, 
Nielsen  (1980:16)  suggested  that  in  those  limnephiloids 
with  a  separate  subgenital  plate,  the  division  between  this 
plate  and  sternum  VIII  is  secondary.  A  difficulty  with  this 
hypothesis  pointed  out  to  us  by  N.  P.  Kristensen  (pers. 
comm.)  is  that  "a  genuine  female  sternum  VIII  plate  prob- 
ably was  not  present  in  the  insect  groundplan;  in  some 
non-endopterygote  insects  the  apparent  sternum  VIII  is 
seen  to  develop  from  what  is  morphologically  venter  VII 
(Bitsch,  1979)."  We  continue  to  refer  to  sternum  VIII  for 
convenience  only. 

Fusion  of  terga  and  sterna  of  segments  VIII  and  IX. 
In  many  Trichoptera  sternum  VIII  is  separated  from  ter- 
gum  VIII  by  a  membranous  band,  as  in  segments  II- VII. 
In  other  Trichoptera  segment  VIII  is  synscleritous. 
However,  this  trait  varies  within  some  families  (e.g., 
Rhyacophilidae — cf.  Schmid,  1970,  fig.  1;  Schmid  and 
Boto§aneanu,  1966,  fig.  16;  Schmid,  1980,  figs.  136,  175). 
The  same  difficulty  appUes  to  segment  IX. 

Divison  of  sternum  VIII.  In  Ecnomidae,  Polycentro- 
podidae,  and  most  Hydropsychidae,  sternum  VIII  is  divid- 
ed mesally  into  a  pair  of  ventrolateral  lobes.  In  some 
Hydropsychidae  (e.g.,  Arctopsyche  and  Hydropsyche) 
sternum  VIII  is  merely  incised,  and  not  more  so  than  in 
Phylocentropus  placidus  (Dipseudopsidae),  Stenopsyche 
(Stenopsychidae),  or  Rhyacophihdae,  Hydrobiosidae,  and 
HydroptiUdae  (see  also  Nielsen,  1980:74).  Sternum  VIII  is 
entire  in  Lepidoptera  and  Mecoptera. 

Eversibility  of  the  vagina.  Females  of  certain  Trich- 
optera have  an  eversible  vaginal  apparatus,  so  that  the 
processus  spermathecae  protrudes  outside  of  the  body  dur- 
ing copulation  (e.g.,  Schmid  and  Boto§aneanu,  1966,  fig. 
18).  In  other  Trichoptera  the  vagina  is  not  eversible. 
Weaver  (1983:31;  1984:417),  citing  Schmid  (1970,  1980) 
for  the  observations,  proposed  that  an  eversible  vagina  is  a 
synapomorphy  for  Spicipalpia.  However,  according  to 
Schmid  (1980:33),  the  Hydroptilidae  do  not  have  an  ever- 
sible vagina;  Weaver  (1983)  suggested  without  supporting 
data  that  some  hydroptilids  do  have  this  condition.  Other 
exceptions  are  Protoptila  (Glossosomatidae)  (Schmid 
1980:34)  and  Hydrobiosidae  (Schmid,  1989). 

Cerci  and  lateral  papillae.  Female  Trichoptera. 
except  for  Integripalpia,  have  one-  or  two-segmented 
papillate  cerci  which  arise  on  the  terminal  abdominal  seg- 
ment (Schmid,  1970,  fig.  1).  In  caddisflies,  these  struc- 
tures have  no  muscle  attachments;  hence,  according  to 
Nielsen  (1980:14-15),  it  can  only  be  assumed  that  they  are 
cerci.  In  Hydropsychidae  and  Polycentropodidae,  and  in 
Dolophilodes  (Fumonta)  major  Banks  (Philopotamidae). 
there  is  a  pair  of  lateral  papillae  next  to  the  cerci  (Weaver, 
1983,    1984).   Mecoptera  have  cerci;  Lepidoptera  lack 
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them;  neither  have  lateral  papillae.  Presence  of  lateral 
papillae  is  clearly  a  derived  condition.  We  consider  pres- 
ence of  cerci  to  be  plesiomorphic  for  Trichoptera,  but  only 
on  the  grounds  that  losses  are  more  likely  than  gains. 

Appendages  of  segment  X.  According  to  Weaver 
(1984:418),  a  synapomorphy  for  Integripalpia  is  presence 
in  the  female  of  a  pair  of  appendages  on  segment  X.  If 
these  are  the  processes  sometimes  labelled  as  such  by 
Schmid  (1980,  fig.  428),  then  many  taxa  that  are  supposed 
to  have  them,  do  not,  e.g.,  Limnocentropus  (Limnocentro- 
podidae),  many  Phryganeidae,  Brachycentridae,  Limne- 
philidae.  and  Goeridae. 

Conclusions  about  female  genitalic  characters. 
Nielsen  (1980)  stated  that  Trichoptera  show  considerable 
variation  both  between  and  within  families  for  structure  of 
the  female  genitalia,  and  that  the  structural  diversity  of  the 
female  genital  chamber  is  unrivalled  among  insects. 
Nonetheless,  the  morphological  diversity  of  the  postab- 
domen  in  female  Lepidoptera  does  approach  that  in  the 
Trichoptera;  moreover,  few  of  the  primitive  Lepidoptera 
conform  to  the  generally  accepted  groundplan  for  the 
Amphiesmenoptera.  These  considerations,  plus  the  diffi- 
culty in  establishing  homologies  for  some  of  the  traits, 
undermine  the  use  of  female  genitahc  characters  for  phy- 
logenetic  purposes  in  caddisflies.  We  include  in  our  data 
set  three  of  the  more  readily  defined  traits:  the  condition  of 
the  rodlike  apodemes  of  segments  VIII  and  IX,  and  occur- 
rence of  lateral  papillae  and  cerci  (Appendix,  characters 
66-68). 

Adult  Male 

Relatively  few  characters  of  the  male  in  comparison  to  the 
female  genitalia  have  been  employed  in  studies  of  the 
higher  classification  of  Trichoptera.  We  have  not  been  able 
to  find  any  new  characters  for  consideration.  Two  traits 
that  have  been  used  previously  are  included  in  the  data  set. 
Inferior  appendages.  Various  Trichoptera,  and 
Lepidoptera  and  Mecoptera,  have  two-segmented  inferior 
appendages  that  consist  of  the  coxopodite  and  harpago 
(Nielsen,  1957a).  In  some  Trichoptera  they  are  one-seg- 
mented, while  Protoptila  (Glossosomatidae)  does  not 
appear  to  have  them  (Schmid,  1980).  The  presence  of  infe- 
rior appendages  of  two  segments  is  generally  held  to  be 
the  plesiomorphic  condition  for  Trichoptera.  However, 
according  to  Nielsen  (1957b:8),  among  Trichoptera  the 
derived  condition  has  arisen  in  several  different  ways. 
Verification  of  Nielsen's  hypothesis  is  beyond  the  scope  of 
our  study;  we  simply  consider  the  number  of  segments 
(Appendix,  character  69). 


Parameres.  Many  Trichoptera  have  paired  para- 
meres.  Others  have  a  single  paramere,  or  none  at  all. 
According  to  N.  P.  Kristensen  (pers.  comm.),  "such  for- 
mations are  unknown  from  the  lowermost  (non-myoglos- 
satan)  Lepidoptera,"  while  "the  phallic  apparatus  of 
Mecoptera  is  difficult  to  homologize  with  that  of 
Trichoptera."  Nielsen  (1957b:  13)  could  only  assume  that 
the  parameres  in  different  families  of  Trichoptera  are 
homologous.  Provisionally,  we  consider  having  fewer  than 
two  parameres  to  be  a  derived  condition  in  Trichoptera 
(Appendix,  character  70). 

Nielsen  (1957b)  proposed  that  Rhyacophilidae  are 
more  primitive  than  other  Trichoptera  in  having  fused  dis- 
tinct paraprocts  and  epiparaprocts  in  the  male. 
Consideration  of  this  issue  and  others  raised  by  Nielsen 
(1957b)  are  beyond  the  scope  of  this  study.  Schmid  (1989) 
used  reduction  of  the  aedeagus  as  a  character  in  his  phylo- 
genetic  analyses.  We  did  not  examine  this  trait  because  of 
the  difficulties  involved  in  making  adequate  observations, 
but  we  do  consider  below  Schmid's  conclusions  based  on 
this  character. 

Spermatozoa 

The  spermatozoa  of  the  Integripalpian  famiUes  Phrygane- 
idae, Limnephilidae,  Leptoceridae,  and  Odontoceridae 
each  have  an  axoneme  with  a  nine  -t-  two  arrangement  of 
groups  of  microtubules  typical  of  most  animals,  including 
Lepidoptera  (Friedlander,  1983).  Families  of  Annulipalpia 
studied  to  date  have  aberrant  spermatozoa.  The  axoneme 
of  Polycentropodidae  contains  three  centrally  located 
microtubules  (Friedlander,  1983).  The  axoneme  of 
Hydropsychidae  is  highly  modified  and  contains  trailing 
microtubular  doublets  radiating  out  from  the  basal  body 
(Friedlander  and  Morse,  1982).  Philopotamidae  do  not 
have  a  discernible  axoneme,  although  their  spermatozoa 
develop  from  spermatids  with  zero  to  four  centrally  locat- 
ed axoneme  microtubules  (Friedlander,  1983;  Friedlander 
and  Jeger,  1990).  The  axonemes  of  the  Spicipalpian  fami- 
lies RhyacophiUdae  and  Glossosomatidae  also  are  aber- 
rant, each  lacking  the  central  pair  of  microtubules 
(Friedlander,  1993).  Based  on  these  data,  Friedlander 
(1993)  suggested  that  having  aberrant  spermatozoa  is  a 
synapomorphy  linking  AnnuUpalpia  with  Spicipalpia. 

There  are  two  difficulties  with  Friedlander's  (1993) 
hypothesis.  The  fine  structure  of  the  spermatozoa  of 
Hydroptilidae  (Spicipalpia)  is  unknown.  Also,  it  has  not 
been  shown  that  all  of  the  above  modifications  of  the 
axoneme  can  be  included  in  a  single  character  transforma- 
tion series  from  the  original  nine  -i-  two  condition.  For 
these  reasons,  we  do  not  consider  this  trait  further. 
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Results  of  Numerical  Phylogenetic  Analyses  of  the  Morphological  Data 


When  we  did  a  parsimony  analysis  using  the  larval  data 
alone,  without  weighting  the  characters,  we  obtained  100 
equally  parsimonious  trees  (the  maximum  possible  num- 
ber using  HENNIG86)  having  a  consistency  index  of  0.41 . 
We  also  obtained  100  trees  using  the  adult  data  alone,  each 
with  a  consistency  index  of  0.25.  When  we  combined  the 
two  sets  of  data,  we  obtained  three  trees  having  a  consis- 
tency index  of  0.29  (Fig.  24);  upon  rearranging  the  order 
in  which  the  taxa  appeared  in  the  data  set,  we  obtained 
another  two  trees  with  the  same  length  as  the  first  three 
(Fig.  25). 

When  we  did  a  compatibility  analysis  of  the  larval 
data  alone,  we  obtained  five  cliques  (sets)  of  34  compati- 
ble (uniquely  derived)  characters;  for  the  adult  data  alone 
we  obtained  two  cliques  of  10  compatible  characters.  For 
the  combined  larval  -i-  adult  data,  we  obtained  20  chques 
of  37  characters  (Figs.  26-27). 

Famihes  traditionally  assigned  to  the  Annuhpalpia 
(s.s.  excluding  Spicipalpia)  were  always  grouped  together 
in  our  parsimony  analyses;  so  also  were  all  famihes 
assigned  to  the  Integripalpia  (s.s.),  and  the  Limnocentro- 
podidae  were  always  positioned  as  the  sister  group  of  all 
other  Integripalpia  (Figs.  24—25).  Arrangements  based 
upon  the  larval  data  alone  showed  certain  other  congruen- 
cies  with  the  combined  larval  -t-  adult  data:  the  Hydroptili- 
dae  and  Integripalpia  were  treated  as  sister  groups;  the 
Rhyacophilidae  and  Hydrobiosidae  were  separated  togeth- 
er or  sequentially  as  the  sister  group  of  the  Annulipalpia; 
the  Ecnomidae,  Psychomyiidae,  Xiphocentronidae,  Dip- 
seudopsidae,  and  Polycentropodidae  were  grouped  togeth- 
er; so  also  were  the  Sericostomatidae,  Anomalopsychidae, 
Helicopsychidae,  Helicophidae,  Beraeidae,  and  Calocidae. 
In  contrast,  arrangements  obtained  using  data  from  adults 
alone  showed  little  congruence  with  those  based  upon  the 
larval  data  alone  or  the  combined  larval  +  adult  data. 

This  result  was  carried  further  when  compatibility 
analyses  were  done  because  arrangements  based  upon  the 
combined  larval  -i-  adult  data  (Figs.  26-27)  and  the  larval 
data  alone  were  entirely  consistent  with  one  another,  but 
hardly  at  all  with  arrangements  based  on  the  adult  data 
alone.  Thus,  when  the  larval  and  adult  data  were  analysed 
together,  the  larval  characters  had  more  influence  on  the 
outcome  than  the  adult  characters.  Presumably  this  is 
because  the  larval  characters  show  more  congruence  with 
one  another  than  do  the  adult  characters,  the  minimum- 
length  trees  obtained  using  the  larval  data  alone  having 
higher  consistency  indices  compared  to  arrangements 
based  on  the  adult  data  alone  (0.41  versus  0.25).  The  lar- 
val data  also  conflict  with  most  of  the  adult  data  as  evi- 
denced by  the  comparatively  low  consistency  index  for 
trees  based  upon  the  combined  data  (0.29).  In  parsimony 


analysis,  arrangements  obtained  when  two  independent 
sets  of  data  are  combined  should  be  a  more  reliable  indi- 
cator of  phylogenetic  relationships  than  arrangements 
based  on  any  one  data  set  (Miyamoto,  1985).  The  same 
consideration  should  apply  to  compatibility  analysis. 
Accordingly,  we  do  not  consider  further  those  arrange- 
ments based  solely  upon  the  adult  or  larval  data. 

Arrangements  based  upon  compatibihty  and  parsimo- 
ny analyses  of  the  combined  larval  -i-  adult  data  with  the 
characters  equally  weighted  (cf.  Figs.  24—27)  agreed  in  the 
same  ways  as  those  based  upon  parsimony  analyses  of  the 
larval  data  alone  and  the  combined  larval  -i-  adult  data  (see 
above),  or  at  least  were  consistent  with  those  results.  Also, 
the  families  of  Plenitentoria  were  grouped  together;  so 
were  the  Kokiriidae  and  Molannidae.  The  principal  differ- 
ences were  in  the  placement  of  the  Glossosomatidae  and 
Hydrobiosidae,  the  arrangement  of  taxa  within  the 
Hydropsychoidea  and  Sericostomatoidea,  and  the  position 
of  some  families  of  Plenitentoria. 

When  we  changed  the  polarity  of  all  characters  for 
which  we  had  some  doubt  about  the  ancestral  condition 
(i.e.,  characters  11-12,  24-27,  29,  38,  54),  the  only  sub- 
stantial difference  in  parsimony  analyses  of  the  combined 
data  set  compared  to  the  original  results  (Figs.  24—25)  was 
that  the  Rhyacophihdae  and  Hydrobiosidae  were  separat- 
ed one  after  the  other  at  the  very  base  of  the  tree,  so  that 
the  former  was  treated  as  the  sister  group  of  all  other 
Trichoptera.  Provided  that  Padunietla  was  coded  as  hav- 
ing annulate  maxillary  palps,  as  do  all  other  genera  of 
Psychomyiidae,  the  arrangements  obtained  using  compat- 
ibility analysis  were  identical  to  those  obtained  using  the 
original  character  codings  (as  in  Figs.  26-27). 

Compatibility  analysis  showed  that  the  maximum 
possible  number  of  uniquely  derived  traits  for  the  com- 
bined larval  +  adult  data  under  any  arrangement  of  the  taxa 
is  37.  Fewer  traits  were  found  to  be  uniquely  derived 
under  the  most  parsimonious  arrangements  (25  and  27  for 
those  in  Figs.  24  and  25,  respectively).  Since  we  did  not 
attempt  to  fully  resolve  the  arrangements  obtained  using 
compatibhty  analysis,  their  lengths  could  not  be  compared 
with  those  of  the  shortest  trees  obtained  using  parsimony 
analysis,  but  one  must  expect  that  if  fully  resolved,  they 
would  be  longer.  Comparing  the  arrangements  that  we 
obtained  with  those  of  Ross  (1967)  and  Weaver  (1983, 
1984),  and  leaving  out  Kokiriidae,  Tasimiidae, 
Atriplectides  (Odontoceridae),  and  Anomalopsychidae 
because  either  Ross  or  Weaver  did  not  consider  one  or 
another  of  these  taxa,  we  found  the  cladogram  based  on 
Ross's  hypothesis  of  phylogeny  to  be  42  steps  longer  than 
our  minimum-length  trees,  and  the  one  based  on  Weaver's 
hypothesis  to  be  5 1  steps  longer;  and  under  their  hypothe- 


36 


25b  26b  38b 


46b 


34  Da 


6b  7b  18b 


29c 


21b 


4c  38Ea 
47b  66b 


17b 


29e 


9b  10b 


32b 


19b 


19c 


Rhyacophilidae 

Hydrobiosidae 

Philopotamidae 

Stenopsychidae 

Hydropsychidae 

Psychomyiidae  (Psychomyia) 

Psychomyiidae  (Paduniella) 

Xiphocentronidae 

Ecnomidae 

Polycentropodidae 

Dipseudopsidae 

Glossosomatidae 

Hydroptilidae 

Limnocentropodidae 

Philorheithridae 

Leptoceridae 

Sericostomatidae 

Anomalopsychidae 

Helicopsychidae 

Helicophidae 

Beraeidae 

Calocidae 

Odontoceridae  (Atriplectides) 

Kokiriidae 

Molannidae 

Calamoceratidae 

Odontoceridae  (in  part) 

Tasimiidae 

Phryganopsychidae 

Phryganeidae 

Plectrotarsidae 

Brachycentridae 

Lepidostomatidae,  Uenoidae 

Limnephilidae,  Goeridae 


I 


Spicipalpia  (in  part) 


>  Annulipaipias.s. 


} 


Spicipalpia  (in  part) 


>  Brevitentoria 


>  Integripaipia 


>  Plenitentoria 


Fig.  24.  Strict  consensus  tree  for  three  minimum-length  trees  obtained  using  the  HENNIG86  computer  program  on  a  data  set  of  larval  and  adult  charac- 
ters for  selected  genera  of  Trichoptera,  showing  all  character  states  that  are  uniquely  derived  for  groupings  above  the  family  level. 


ses,  there  are  nine  and  eight  (respectively)  fewer  uniquely 
derived  characters  than  under  the  arrangements  that  we 
obtained  using  compatibihty  analysis.  Thus  our  results  are 
preferable  in  terms  both  of  the  total  number  of  character 
changes,  and  of  the  number  of  uniquely  derived  characters. 
Nonetheless,  it  is  evident  that  the  results  of  our 
numerical  analyses  do  not  provide  a  single,  decisive 
answer  to  the  questions  raised  in  the  introduction  to  this 
study.  Indeed,  in  regard  to  our  parsimony  analyses,  other 
islands  of  trees  of  mimimum  length  (Maddison,  1991) 
probably  remain  to  be  discovered  since  we  did  not  exhaus- 


tively change  the  order  in  which  the  taxa  appeared  in  the 
data  set.  It  can  still  be  asked  whether,  on  a  character-by- 
character  basis,  hypotheses  of  relationship  previously  pro- 
posed are  better  supported  than  those  that  we  obtained  in 
our  numerical  analyses  of  the  combined  larval  -i-  adult 
morphological  data.  We  also  investigate  whether  a  hypoth- 
esis of  phylogeny  based  on  behavioural  data  provides  a 
plausible  alternative  to  arrangements  based  on  our  analy- 
ses of  the  morphological  data. 
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Fig.  25.  Portion  of  strict  consensus  tree  for  two  minimum-length  trees  obtained  using  the  HENNIG86  computer  program  on  a  data  set  of  larval  and  adult 
characters  for  selected  genera  of  Trichoptera,  when  the  order  in  which  the  taxa  appear  in  the  data  set  was  changed.  Shown  is  only  that  portion  of  the  tree 
that  differs  from  the  one  in  Fig.  24.  All  character  states  shown  are  uniquely  derived  for  groupings  above  the  family  level. 
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Fig.  26.  Arrangement  based  on  one  of  the  20  sets  of  compatible  characters  obtained  using  the  CLINCH  computer  program  on  a  data  set  of  larval  and 
adult  characters  for  selected  genera  of  Trichoptera,  showing  all  character  states  that  are  uniquely  derived  for  groupings  above  the  family  level.  The  arrows 
indicate  groupings  common  to  all  20  arrangements. 
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Fig.  27.  Arrangement  that  differs  the  most  from  the  one  in  Fig.  26,  and  that  is  also  based  on  one  of  the  20  sets  of  compatible  characters  obtained  using  the 
CLINCH  computer  program  on  a  data  set  of  larval  and  adult  characters  for  selected  genera  of  Trichoptera.  All  character  states  shown  are  uniquely  derived 
for  groupings  above  the  family  level. 


Evaluation  of  Alternative  Hypotheses  of  Relationships  for  Trichoptera 

Based  on  Morphology 


ISSUES  ABOUT  SPICIPALPIA 

Evaluation  of  the  Ross  Hypothesis  of  Phylogeny  for 
Trichoptera  As  It  Pertains  to  the  Spicipalpia 

Ross  (1967,  fig.  1;  Fig.  2)  followed  Martynov  (1924, 
1930)  in  considering  the  Trichoptera  to  comprise  two 
groups,  Annulipalpia  and  Integripalpia,  but  in  the  former 
Ross  included  only  the  Philopotamoidea  and  Hydropsy- 
choidea.  In  the  latter  Ross  placed  the  Rhyacophiloidea 
(Rhyacophilidae  including  Hydrobiosidae,  Glossosomati- 
dae,  and  Hydroptilidae)  and  Limnephiloidea  (=  Plenitento- 
ria  +  Brevitentoria),  which  were  inferred  to  have  evolved 
in  that  sequence.  Ross  (1967)  listed  three  characters  as 
evidence  that  the  Rhyacophilidae,  Glossosomatidae, 
Hydroptilidae,  and  Limnephiloidea  constitute  a  mono- 
phyletic  group:  in  adults,  the  weakly  sclerotized  posterior 
border  of  the  prostemum  (character  55  in  our  study)  and 
the  loss  of  crossvein  m  in  the  forewing  (character  56);  in 
larvae,  the  presence  of  a  sclerous  shield  on  tergum  IX 
(character  34).  We  consider  the  condition  of  the  posterior 
border  of  the  prostemum  in  adult  Rhyacophilidae  to  be 
primitive  for  Trichoptera;  furthermore,  Stenopsyche  gri- 
seipennis  (Stenopsychidae)  also  exhibits  this  condition. 
Crossvein  m  is  present  in  Heteroplectron  (Integripalpia: 
Calamoceratidae),  and  within  Hydropsychoidea  it  does  not 
occur  in  Xiphocentronidae;  thus,  this  character  is  homo- 
plasious.  We  do  concur  with  Ross  that  presence  of  a  scle- 
rous shield  on  tergum  IX  of  the  larva  is  a  derived  trait,  but 
we  note  that  this  character  conflicts  with  some  others  that 
indicate  affinity  of  Rhyacophilidae,  Hydrobiosidae,  and 
Glossosomatidae  with  Annulipalpia  (see  below),  and  that 
a  similar  condition  is  found  in  larvae  of  some  Mecoptera 
(see  section  on  morphology). 

As  evidence  for  monophyly  of  Glossosomatidae  + 
Hydroptilidae  +  Limnephiloidea,  Ross  (1967)  cited  the 
highly  modified  anal  prolegs,  in  particular,  presence  in  the 
last  instar  of  accessory  teeth  on  the  anal  claws. 
Designation  of  the  primitive  condition  for  the  anal  prolegs 
in  Trichoptera  is  problematic.  Moreover,  accessory  teeth 
are  lacking  in  most  Hydroptihdae,  including  Ptilocolepi- 
nae.  Despite  this,  in  our  parsimony  analyses  of  the  com- 
bined larval  -i-  adult  data  (Figs.  24-25),  the  Glossosomati- 
dae were  separated  with  the  Hydroptilidae  -i-  Limne- 
philoidea (sensu  Ross),  but  on  the  basis  of  characters  that 
exhibit  considerable  homoplasy,  in  some  instances  even 
within  this  group  of  taxa:  in  larvae,  antennae  located 
cephalad  (Appendix,  character  2b)  but  far  cephalad  (2a)  in 
HydroptiUnae,  and  sal  or  sa3  sclerotized  (20b),  but  mem- 
branous  (20a)   in   Glossosoma   (Glossosomatidae);   in 


adults,  apex  of  maxillary  palps  rounded  (44b),  but  attenu- 
ate (44a)  in  Glossosoma  and  Ptilocolepinae,  paramere  sin- 
gle (69b),  but  paired  (69a)  in  Protoptila  (Glossosomati- 
dae), inferior  appendage  one-segmented  (70b),  but  two- 
segmented  (70a)  in  Hydroptilinae. 

In  support  of  a  sister-group  relationship  between 
Hydroptihdae  and  Limnephiloidea,  Ross  (1967)  noted  that 
the  anal  prolegs  are  shorter  than  in  larvae  of  other 
Trichoptera  and  the  anal  claws  are  directed  laterally,  and 
cited  his  proposal  that  the  larval  antennae  have  been 
reduced  to  a  single  rod.  However,  the  slight  prominence  of 
the  anal  prolegs  in  the  last  instar  of  most  Hydroptilinae 
and  all  instars  of  Ptilocolepinae  could  be  the  plesiomor- 
phic  condition  for  Trichoptera.  Furthermore,  the  lateral 
orientation  of  the  anal  claws  in  Hydroptilidae  is  possibly  a 
consequence  of  hypertrophy  of  the  abdomen  and  therefore 
convergent  with  the  condition  in  Integripalpia.  Finally,  we 
consider  presence  of  an  antennal  segment  (=  rod)  to  be 
plesiomorphic  for  Trichoptera.  Nonetheless,  the  Hydro- 
ptilidae and  Integripalpia  were  grouped  together  in  all  of 
our  numerical  analyses  because  these  two  groups  share 
two  other  derived  characters  in  the  larval  stage:  mesono- 
tum  with  more  than  two  large  setae  in  sa3  (Appendix, 
character  14b),  and  antennae  with  one  trichoid  sensilla, 
this  located  laterally  (5Ca).  However,  the  first  character  is 
suspect  because  it  is  difficult  to  delimit  sa3  in 
Hydroptilidae.  As  for  the  second  character,  larvae  of 
Rhyacophilidae  and  Hydrobiosidae  also  have  only  one 
antennal  trichoid  sensillum,  and  it  is  located  medially,  a 
more  derived  condition  (5Ec). 

We  conclude  that  the  only  well-founded  morphologi- 
cal evidence  for  Ross's  (1967)  placement  of  the 
Rhyacophilidae,  Glossosomatidae,  and  Hydroptilidae  in 
Integripalpia  is  presence  in  all  of  these  taxa  of  a  sclerous 
shield  on  tergum  IX  of  the  larva. 

Evaluation  of  the  Martynov-Schmid-Weaver 
Hypothesis  of  Phylogeny  for  Trichoptera  As  It 
Pertains  to  the  Spicipalpia 

According  to  Weaver  (1983,  1984)  and  Weaver  and  Morse 
(1986),  and  in  keeping  with  Martynov  (1930)  and  Schmid 
(1980),  the  AnnuHpalpia  (s.l.)  comprise  the  Curvipalpia  -i- 
Spicipalpia  (Fig.  1).  The  former  comprise  Philopotamoi- 
dea and  Hydropsychoidea,  the  latter  Rhyacophilidae  -i- 
Hydrobiosidae  and  Glossosomatidae  -i-  Hydroptihdae. 

Weaver  (1983, 1984)  cited  two  morphological  charac- 
ters of  adults  as  evidence  for  monophyly  of  the 
AnnuHpalpia  (s.l.):  dorsal  arms  of  tentorium  more  cephal- 
ad and  greatly  shortened  or  completely  fused  with  frons; 
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tibia  and  tarsus  of  middle  leg  are  dilated,  extremely  so  in 
female,  less  so  in  male.  It  is  evident  that  loss  of  the  dorsal 
arms  of  the  tentorium  in  Trichoptera  (Appendix,  character 
53)  has  occurred  several  times  by  simple  atrophy  in  both 
the  Lepidoptera  and  the  Trichoptera,  including 
AnnuUpalpia  (see  section  on  morphology).  The  second 
trait  (65)  is  also  flawed  because  the  middle  leg  is  not  dilat- 
ed in  Hydrobiosidae,  Hydroptilidae,  and  some  Hydropsy- 
choidea.  Furthermore,  the  middle  leg  is  dilated  in  a  differ- 
ent way  in  Rhyacophilidae  compared  to  Glossosomatidae, 
Philopotamoidea,  and  Hydropsychoidea.  To  our  knowl- 
edge, no  taxa  exhibit  a  condition  intermediate  between 
those  found  in  Rhyacophilidae  and  Glossosomatidae;  thus, 
the  two  states  are  probably  not  homologous.  At  the  very 
least,  if  Weaver's  concept  of  Annulipalpia  is  correct,  then 
there  have  been  several  reversions  to  a  slender  middle  leg 
in  this  suborder. 

Another  synapomorphy  for  Annulipalpia  (s.l.)  pro- 
posed by  Weaver  (1983,  1984)  is  the  behaviour  of  swim- 
ming to  the  bottom  to  lay  eggs.  Among  Spicipalpia, 
Rhyacophila  kiyosumiensis  (Rhyacophihdae)  (Kuranishi, 
1993)  and  Ptilocolepus  granulatus  (Hydroptilidae)  (Ito 
and  Higler,  1993)  only  dip  their  abdomens  into  the  water 
to  oviposit.  Females  of  the  Annulipalpia  (s.s.)  do  actually 
swim  to  the  bottom  to  lay  eggs.  Since  the  latter  is  undoubt- 
edly the  derived  condition,  the  few  species  of  Spicipalpia 
for  which  oviposition  behaviour  is  known  exhibit  the 
primitive  behaviour.  Although  most  Integripalpia  deposit 
their  egg  masses  near  the  water  surface  (Weaver,  1984), 
females  in  some  families  (e.g.,  Phryganeidae)  crawl  well 
beneath  the  surface  to  deposit  eggs  (Silfvenius,  1906). 

Two  morphological  traits  of  larvae  that  Weaver  (1983, 
1984)  proposed  as  synapomorphies  for  Annulipalpia  (s.l.) 
are  larva  campodeiform  with  prognathous  head,  and  anal 
proleg  elongated.  However,  it  is  unclear  what  the  ple- 
siomorphic  condition  of  either  trait  is  for  Trichoptera; 
moreover,  the  Glossosomatidae  exhibit  an  intermediate 
condition  for  both  traits.  A  behavioural  trait  proposed  by 
Weaver  (1983,  1984)  as  a  synapomorphy  for  Annulipalpia 
(s.l.)  is  that  larvae  are  rheophilic.  We  infer  from  evidence 
from  pupation  behaviour  (see  below)  that  the  ancestral  lar- 
val Trichopteran  lived  in  running  water;  consequently, 
restriction  of  larvae  to  flowing  water  is  part  of  the  ground- 
plan  for  Trichoptera.  We  conclude  that  none  of  the  evi- 
dence previously  proposed  for  monophyly  of  Annulipalpia 
(s.l.)  is  convincing. 

Weaver  (1983,  1984)  proposed  three  synapomorphies 
for  Spicipalpia:  adult  with  terminal  segment  of  maxillary 
and  labial  palps  bearing  apical  spicule;  second  segment  of 
maxillary  palps  ovoid;  and  vaginal  apparatus  eversible.  As 
shown  in  the  section  on  morphology,  the  first  trait  is  poor- 
ly defined  (we  consider  the  trait  to  be  "terminal  segment 
attenuate,  apex  glabrous"),  and  the  attentuate  condition  is 
probably  plesiomorphic  for  Amphiesmenoptera;  further- 


more, in  Hydrobiosidae  and  in  many  Glossosomatidae  and 
Hydroptilidae  the  apex  of  the  palps  is  rounded  (Table  1, 
character  44).  The  second  trait  also  presents  difficulties 
because  contrary  to  expectation  the  second  segment  of  the 
maxillary  palps  in  Hydrobiosidae  is  cylindrical  rather  than 
ovoid;  moreover,  in  some  Hydropsychoidea  the  second 
segment  is  ovoid  (Table  1,  character  45).  Finally,  the  third 
trait  is  not  exhibited  by  Glossosomatidae,  Hydrobiosidae, 
or  Hydroptilidae.  Thus,  all  of  the  morphological  evidence 
for  monophyly  of  Spicipalpia  is  equivocal. 

Three  synapomorphies  were  advanced  by  Weaver 
(1983,  1984)  as  evidence  for  a  sister-group  relationship 
between  Hydroptilidae  and  Glossosomatidae:  larva  with 
mesonotum  and  metanotum  sclerotized;  anal  proleg  and 
claw  partially  reduced;  and,  in  adult  males,  inferior 
appendages  one-segmented.  However,  the  mesonotum  and 
metanotum  in  Glossosomatidae  are  only  partially  sclero- 
tized (e.g.,  Protoptila)  or  not  at  all  (e.g.,  Glossosoma); 
conversely,  the  mesonotum  and  metanotum  also  are  com- 
pletely sclerotized  in  Ecnomidae,  Hydropsychidae,  and 
Hydroptilidae.  Moreover,  it  is  not  clear  to  us  in  what  man- 
ner the  anal  proleg  and  claw  have  been  reduced  in 
Glossosomatidae  and  Hydroptilidae,  nor  is  it  evident  what 
the  condition  of  the  anal  prolegs  was  in  the  ancestral 
Trichopteran.  Finally,  in  Trichoptera  the  number  of  seg- 
ments of  the  male  inferior  appendages  has  undoubtedly 
been  reduced  several  times  from  two  to  one,  so  this  evi- 
dence for  relationship  is  not  compelling. 

Weaver  (1983,  1984),  following  Ross  (1967),  pro- 
posed that  the  Rhyacophihdae  have  a  sister-group  rela- 
tionship with  the  Hydrobiosidae,  based  on  presence  of  a 
basoventral  hook  on  the  larval  anal  proleg  (e.g.,  Flint, 
1962,  fig.  lb).  However,  in  Rhyacophihdae  the  basoven- 
tral hook  is  an  extension  of  the  lateral  plate.  In  contrast, 
the  basoventral  angle  of  the  lateral  plate  is  not  extended  in 
Atopsyche  (Hydrobiosidae);  instead,  seta  7  forms  the 
hook.  Thus,  the  basoventral  hook  in  these  two  families  is 
not  homologous.  Furthermore,  not  all  Rhyacophihdae  and 
Hydrobiosidae  have  this  feature.  Nonetheless,  there  is 
good  morphological  evidence  from  larvae  that  these  two 
famihes  have  a  sister-group  relationship  (see  below). 

Unlike  Ross  (1967)  and  Weaver  (1983,  1984),  Schmid 
(1989)  suggested  that  the  Hydrobiosidae  belong  to  the 
Annuhpalpia  (s.s.),  because  in  the  adult  female  the  geni- 
talic  segments  are  short  and  stout,  segment  IX  has  disap- 
peared, rod-shaped  apodemes  of  segments  VIII  and  IX  are 
lacking,  the  anal-vaginal  orifice  is  open  for  the  entire 
length  of  segment  X  and  is  protected  by  a  vulvar  scale,  and 
the  cerci  are  tiny.  Furthermore,  according  to  Schmid 
(1989),  male  Hydrobiosidae  show  the  begiiming  of  the 
replacement  of  the  aedeagus  by  the  phallotheca  and 
endotheca,  a  trend  completed  in  the  Hydropsychoidea 
(sensu  Schmid).  In  contrast,  females  of  Rhyacophilidae 
have    an    oviscapt    with    well-developed    rod-shaped 
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apodemes  and  large  cerci,  and  segment  IX  is  present, 
while  in  males  the  phallothcca  is  well  developed. 

Although  the  differences  between  females  of 
Hydrobiosidae  and  Rhyacophilidae  are  considerable,  dif- 
ferences of  this  magnitude  are  also  apparent  between 
females  of  Protoptilinae  and  the  other  subfamilies  of 
Glossosomatidae.  The  Protoptilinae  have  short,  stout  gen- 
ital segments  with  segment  IX  absent,  they  lack  rod- 
shaped  apodemes,  and  the  rectal  and  genital  systems  arc 
unassociated;  the  other  subfamilies  have  a  long  retractile 
oviscapt,  prominent  rod-shaped  apodemes,  and  a  cloaca. 
Moreover,  females  of  Philopotamidae  are  more  primitive 
than  females  of  Hydrobiosidae  in  that  they  have  a  well- 
developed  oviscapt,  hence  Schmid's  difficulty  about 
where  to  place  Hydrobiosidae  within  Annulipalpia 
(Schmid,  1989,  fig.  33). 

Considering  male  genitalic  morphology,  various 
stages  in  reduction  of  the  aedeagus  are  indeed  evident  in 
the  Annulipalpia,  as  stated  by  Schmid  (1989),  culminating 
in  complete  replacement  by  the  phallotheca  and  endotheca 
in  the  Hydropsychidae;  but  similar  tendencies  are  evident 
in  the  Integripalpia  where  the  phallotheca  and  endotheca 
have  also  replaced  the  aedeagus  in  various  families  of 
Integripalpia,  including  Phryganeidae,  Brachycentridae, 
Sericostomatidae,  and  Helicopsychidae  (Schmid,  1980, 
figs.  564,  596,  633,  643).  This  considerably  weakens  the 
basis  for  Schmid's  interpretation  of  phallic  structure  as 
supporting  affinity  of  the  Hydrobiosidae  with  the 
AnnuUpalpia. 

Nonetheless,  in  our  parsimony  analyses  of  the  com- 
bined larval  -i-  adult  data,  the  Hydrobiosidae  emerged  as 
the  sister  group  of  the  Annulipalpia  (Figs.  24-25)  based  on 
the  following  synapomorphies:  in  adults,  apex  of  maxil- 
lary palps  rounded,  not  drawn  out  to  a  point  (Appendix, 
character  44b);  in  females,  anterior  pair  of  rodlike 
apodemes  at  apex  of  abdomen  vestigial,  posterior  pair 
short  (68d);  and  in  males,  parameres  absent  (70c).  All  of 
this  evidence  is  equivocal  because  in  Stenopsyche 
(Stenopyschidae)  and  Dolophilodes  (Philopotamidae)  the 
maxillary  palp  is  attenuate,  as  in  Rhyacophilidae  (44a); 
species  of  Paduniella  (Psychomyiidae)  have  one  paramere 
(70b),  while  some  Hydrobiosidae  have  two  (Schmid, 
1989);  and,  as  noted  by  Schmid  (1989),  in  females  of 
many  Annulipalpia  the  rodhke  apodemes  at  the  apex  of  the 
abdomen  are  more  developed  than  in  the  Hydrobiosidae 
(Table  1 ,  character  68). 

In  our  compatiblity  analyses  of  the  combined  larval  -f- 
adult  data  the  Rhyacophilidae  and  Hydrobiosidae  were 
grouped  together  based  upon  a  larval  trait — the  medial 
position  of  the  single  antennal  trichoid  sensillum 
(Appendix,  character  3Ec),  a  condition  unique  to  these  two 
families  (Figs.  26-27).  This  is  the  only  unequivocal  mor- 
phological evidence  we  found  for  relationship  of 
Hydrobiosidae  to  any  other  group  of  Trichoptera.  The 


array  of  characters  advanced  by  Schmid  (1989)  linking  the 
Hydrobiosidae  with  the  Annulipalpia  does  demonstrate 
that  this  family  has  diverged  markedly  from  the 
Rhyacophilidae  and  other  families  of  Spicipalpia;  we 
interpret  the  similarities  between  Hydrobiosidae  and 
Annulipalpia  as  convergent  developments  for  the  reasons 
presented  above. 

To  conclude,  there  is  no  unequivocal  morphological 
evidence  for  monophyly  of  the  Spicipalpia,  or  for  closer 
relationship  of  all  the  Spicipalpian  families  to 
Annulipalpia  than  to  Integripalpia.  The  structure  of  the  lar- 
val antenna  provides  clear  support  for  a  sister-group  rela- 
tionship between  Hydrobiosidae  and  Rhyacophilidae. 

Evaluation  of  Other  Arrangements  of  the  Families  in 
Spicipalpia  Based  upon  Larval  and  Adult 
Morphology 

In  our  compatibility  analyses  of  the  combined  larval  + 
adult  data  the  Glossosomatidae  emerged  as  the  sister 
group  of  the  ((Rhyacophilidae  -i-  Hydrobiosidae)  -i- 
Annulipalpia)  (Figs.  26-27).  Monophyly  of  this  group  as 
a  whole  is  supported  by  two  larval  traits:  loss  of  the  anten- 
nal segment  present  in  Hydroptilidae  and  Integripalpia  so 
that  only  some  sensilla  remain  (Appendix,  character  lb), 
and  presence  of  a  large  mesocoxal  and  metacoxal  promi- 
nence with  which  the  pleural  condyle  articulates  (26b). 
Interpretation  of  the  first  character  is  straightforward,  and 
we  do  not  know  of  another  instance  in  insects  where  the 
antennae  have  been  reduced  to  this  extent.  We  have  less 
confidence  in  the  second  character  because  of  the  difficul- 
ty in  making  meaningful  outgroup  comparsions  for  traits 
of  the  larval  pleura  and  legs  (see  section  on  morphology). 
An  adult  character  that  provides  limited  support  for  this 
grouping  is  the  open  condition  of  the  temporal  suture  of 
the  head  (50b).  However,  the  temporal  suture  is  closed  in 
some  Hydropsychidae  and  Glossosomatidae;  moreover, 
expression  of  this  trait  could  be  related  to  body  size;  exclu- 
sion of  Hydroptihdae  from  this  group  based  upon  the 
closed  condition  of  the  temporal  suture  is  therefore  unwar- 
ranted. 

Three  larval  traits  suggest  that  the  Rhyacophihdae 
and  Hydrobiosidae  are  more  closely  related  to  the 
Annulipalpia  than  are  the  Glossosomatidae  (Figs.  24-27): 
the  obhque  orientation  of  the  propleural  suture  (Appendix, 
character  25b),  presence  of  an  anteriorly  directed  apodeme 
on  the  mesepistemum  and  metepistemum  (26b),  and  the 
prominent  anal  prolegs  with  the  claw  directed  downward 
(38b).  This  evidence  is  not  convincing  because  there  is 
some  question  about  the  polarity  of  each  of  these  charac- 
ters. It  is  also  uncertain  whether  the  condition  of  the 
mesepistemum  and  metepistemum  (26)  in  the  Rhyaco- 
philidae and  Hydrobiosidae  really  differs  from  the  condi- 
tion in  Integripalpia  and  Hydroptilidae. 

Thus,  one  character  of  the  larval  antenna  provides 
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unequivocal  evidence  that  the  Glossosomatidae, 
Rhyacophihdae  +  Hydrobiosidae,  and  Annulipalpia  (s.s.) 
constitute  a  monophyletic  group. 

Limits  of  the  Hydroptilidae 

Monophyly  of  the  Hydroptilidae  has  never  been  seriously 
questioned,  although  Kristensen  (1990),  among  others,  has 
drawn  attention  to  the  many  plesiomorphic  traits  of  the 
subfamily  Ptilocolepinae.  Although  this  subfamily  differs 
in  a  number  of  characters  from  the  Hydroptilinae,  a  sister- 
group  relationship  between  them  is  supported  by  several 
larval  characters.  One  is  hypermetamorphosis  in  the  last 
larval  instar  (Appendix,  character  lb);  another  is  presence 
of  a  large  sclerite  on  abdominal  terga  I-VIII  in  at  least  the 
first  four  instars  (33b).  The  shape  of  the  larval  silk  press 
could  also  be  a  synapomorphy  for  Hydroptilidae  (see  sec- 
tion on  morphology).  According  to  Weaver  (1983,  1984) 
another  feature  unique  to  Hydroptilidae  is  that  in  adults  the 
lateral  oceUi  are  very  close  to  the  compound  eyes  (49). 
However,  Stenopsyche  (Stenopsychidae)  also  has  this  con- 
dition, and  many  Hydroptilidae  do  not  have  ocelli  (e.g., 
Hydroptila).  Weaver  (1983,  1984),  following  Schmid 
(1980),  also  proposed  as  a  synapomorphy  for  Hydroptili- 
dae the  modification  of  the  parameres  into  a  single  coiled 
rod  resembling  a  cork-screw,  but  Ptilocolepinae  and  at 
least  some  genera  of  Hydroptilinae  (e.g.,  Leucotrichia)  do 
not  have  this  condition. 

In  summary,  one  character  of  the  larval  antennae  pro- 
vides unequivocal  morphological  evidence  that  the 
Hydrobiosidae  and  Rhyacophihdae  are  sister  groups,  and 
another  character  of  the  larval  antennae  is  equally  strong 
evidence  that  these  two  families  plus  the  Glossosomatidae 
and  the  Annulipalpia  form  a  monophyletic  group.  Other 
arrangements  of  these  families  and  of  the  Hydroptilidae, 
which  have  been  proposed  previously  or  which  emerged  in 
some  of  our  numerical  analyses,  are  based  on  traits  that  are 
homoplasious  or  poorly  defined,  or  for  which  the  polarity 
is  uncertain.  A  possible  exception  is  presence  of  a  sclerous 
shield  on  tergum  IX  of  the  larva,  which  indicates  that  the 
Spicipalpian  famiUes  are  most  closely  related  to  the 
Integripalpia. 

ISSUES  ABOUT  ANNULIPALPIA 

Our  results  confirm  the  monophyly  of  the  Annulipalpia 
(s.s.),  and  are  consistent  with  monophyly  of  Hydropsy- 
choidea  (Figs.  24,  26-27).  The  most  significant  issues  are 
monophyly  of  the  Philopotamoidea  and  placement  of  the 
Hydropsy chidae.  A  synapomorphy  of  long  standing  for 
adults  of  Annuhpalpia  (s.s.)  is  the  annulate  condition  of 
the  last  segment  of  the  labial  and  maxillary  palps 
(Appendix,  character  46b).  Although  the  last  segment  of 
the  palps  is  not  annulate  in  Paduniella  (Psychomyiidae), 
this  is  undoubtedly  a  reversal  which  could  be  related  to  the 
fact  that  the  maxillary  palps  are  six-segmented  in  males  of 


all  species  of  Paduniella  and  females  of  some;  no  other 
Trichoptera  (other  than  Anisocentropus  (Calamocertidae)) 
have  more  than  five  segments.  It  would  be  of  interest  to 
determine  whether  females  of  species  of  Paduniella  with 
five-segmented  maxillary  palps  have  the  annulate  condi- 
tion. We  examined  females  of  only  P.  nearctica,  which  has 
six-segmented  palps  (Bowles  and  Allen,  1988). 

A  synapomorphy  for  larvae  of  Annulipalpia  is  an 
increase  in  the  number  of  antennal  trichoid  sensilla  from 
two  to  three  (Appendix,  character  3b);  however,  larvae  of 
Xiphocentronidae  have  just  two  trichoid  sensilla,  which 
presumably  is  a  reversal. 

According  to  Weaver  (1983,  1984)  presence  in  the 
adult  female  of  lateral  papillae  on  segment  X  is  another 
synapomorphy  for  Annulipalpia  (s.s.)  because  these  are 
found  not  only  in  Polycentropodidae  and  Hydropsychidae, 
but  also  in  Dolophilodes  (Fumonta)  major  Banks 
(Philopotamidae),  although  they  are  not  found  in  other 
Philopotamoidea.  Weaver  (1983,  1984)  concluded  that  the 
papillae  have  been  lost  numerous  times  in  Annulipalpia 
(s.s.).  We  have  confirmed  their  presence  in  D.  major. 
Presumably  Weaver  is  correct,  or  this  trait  is  an  underlying 
synapomorphy  (sensu  Saether,  1979)  for  the  suborder. 
Weaver  also  proposed  as  synapomorphies  reduction  in  lar- 
vae of  the  sclerotized  plate  on  abdominal  tergum  IX  and 
loss  in  the  adult  male  of  the  parameres.  We  consider  the 
presence  of  a  small  pair  of  sclerites  on  abdominal  tergite 
IX  in  most  Annulipalpia  to  be  plesiomorphic  for 
Trichoptera  (see  section  on  morphology).  As  for  para- 
meres, various  taxa  throughout  the  order  lack  them,  so  this 
evidence  for  monophyly  of  Aimuhpalpia  is  not  com- 
peUing. 

The  Stenopsychidae  -(-  Philopotamidae  (Philopota- 
moidea) are  generally  regarded  as  the  sister  group  of  all 
other  Annuhpalpia,  i.e.,  the  Hydropsychoidea,  and  some 
of  our  results  are  in  agreement.  Unequivocal  evidence  in 
larvae  for  monophyly  of  Philopotamoidea  is  that  tergum 
IX  is  membranous  and  does  not  have  any  long  setae 
(Appendix,  character  34Da).  A  larval  trait  that  Ross  (1967) 
advanced  as  evidence  for  monophyly  of  this  group  is  the 
elongate  head,  but  the  head  is  as  elongate  in  some 
Integripalpia  (e.g.,  Pseudogoera  (Odontoceridae), 
Wiggins,  1977,  fig.  12.5B).  Weaver  (1983)  cited  as 
synapomorphies  the  flexible,  bilobed  antennae  (which  we 
interpret  as  presence  of  two  large  basiconic  sensilla)  and 
presence  on  the  procoxa  of  a  mesal  process  which  bears  an 
apical  seta.  The  antennal  character  is  invalid  because  pres- 
ence of  two  large  basiconic  sensilla  is  plesiomorphic  for 
Trichoptera.  Furthermore,  it  is  difficult  to  ascertain 
whether  Dolophilodes  (Philopotamidae)  has  the  procoxal 
mesal  process,  and  a  condition  similar  to  that  in 
Dolophilodes  is  shown  by  Polycentropus  (Polycentro- 
podidae). In  our  compatibility  analyses  the  Philopotami- 
dae were  sometimes  grouped  with  the  Hydropsychoidea 
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(Fig.  27)  because  in  adults  the  posterior  margin  of  the 
prostemum  terminates  in  a  sclerous  point  (55b),  but  we 
found  this  to  be  a  difficult  character  to  score. 

We  were  unable  to  discover  a  uniquely  derived 
synapomorphy  for  Hydropsychoidea.  In  adults  of  all 
Hydropsychoidea  the  posterior  margin  of  the  prostemum 
terminates  in  a  sclerous  point  (Appendix,  character  55b), 
but  as  noted  above,  the  Philopotamidae  also  exhibit  this 
condition.  Evidence  from  adults  presented  by  Ross  (1967) 
for  monophyly  of  Hydropsychoidea  is  absence  of  the  ocel- 
li (48)  and  absence  of  suture  Y  of  the  mesopleuron  (60), 
but  Weaver  (1983)  noted  that  many  taxa  throughout  the 
order  and  even  some  Stenopsychidae  lack  oceUi  (Ross, 
1967).  Similarly,  absence  of  suture  Y  of  the  mesopleuron 
is  evident  in  several  groups  of  Trichoptera;  moreover,  this 
suture  is  present  in  Paduniella  (Psychomyiidae).  Weaver 
(1983)  proposed  yet  another  synapomorphy  for  Hydropsy- 
choidea: male  with  articulation  between  tergum  and  ster- 
num IX  resembling  open  mouth,  but  indicated  that  most 
Hydropsychidae  do  not  exhibit  this  trait,  and  that  the  char- 
acter does  not  apply  to  Polycentropodidae  because  of 
reduction  of  tergum  IX.  We  are  unable  to  interpret  this 
character  from  the  information  provided. 

Position  of  the  Hydropsychidae  and  Other  Issues 
Ross  (1967)  considered  the  Psychomyiidae  -t-  Xiphocen- 
tronidae  to  be  the  sister  group  of  the  Hydropsychidae  -i- 
(Polycentropodidae  -i-  Dipseudopsidae).  Synapomorphies 
proposed  by  Ross  (1967)  for  monophyly  of  the  latter 
group  were  mesoprescutum  in  adults  replaced  by  a  pair  of 
small  round  warts,  and  in  females  rodlike  apodemes  of 
segments  VIII-IX  shortened,  and  segment  X  with  lateral 
papillae.  Weaver  (1983)  proposed  another  synapomorphy: 
segment  IX  of  female  "not  ovoid,  more  stout."  We  inter- 
pret the  condition  of  the  mesoprescutum  in  Psychomyiidae 
to  be  identical  to  that  in  Hydropsychidae,  Polycentropodi- 
dae, and  Dipseudopsidae,  and  note  that  Ross  (1967) 
acknowledged  this  difficulty.  Furthermore,  many  other 
Trichoptera,  including  Dolophilodes  (Philopotamidae), 
lack  mesoprescutal  sutures.  As  indicated  above,  we  were 
unable  to  interpret  the  character  for  the  shape  of  segment 
IX  in  females  proposed  by  Weaver.  Finally,  the  rodlike 
apodemes  of  segments  VIII  and  IX  (Appendix,  character 
67)  are  as  short  in  females  of  Stenopsychidae  and 
Psychomyiidae  as  in  Ecnomidae,  and  are  also  as  short  or 
absent  in  Trichoptera  other  than  Annulipalpia. 

Ross  (1967)  considered  the  Polycentropodidae 
(including  Ecnomidae)  and  Dipseudopsidae  to  be  sister 
groups  because  the  inferior  appendages  are  one-segment- 
ed; in  Hydropsychidae  these  are  two-segmented.  Weaver 
(1983)  proposed  that  the  Dipseudopsidae  are  the  sister 
group  of  the  Ecnomidae  -i-  (Hydropsychidae  +  Polycentro- 
podidae), and  considered  the  latter  group  to  be  mono- 
phyletic  because  female  sternum  Vni  is  divided  mesally. 


forming  a  pair  of  ventrolateral  lobes.  However,  in  some 
Hydropsychidae  (e.g.,  Hydropsyche)  segment  Vlll  is  not 
more  incised  than  in  certain  Rhyacophilidae, 
Hydrobiosidae,  and  Hydroptilidae,  so  there  is  at  least  some 
homoplasy  for  this  trait  within  Trichoptera.  Moreover, 
there  is  stronger  evidence  that  the  Hydropsychidae  are  the 
sister  group  of  the  rest  of  the  Hydropsychoidea  (see 
below).  Weaver  (1983)  considered  Hydropsychidae  and 
Polycentropodidae  to  be  sister  groups  because  in  adults  the 
second  segment  of  the  maxillary  palp  has  a  setose  mesal 
lobe,  but  most  Hydropsychidae  do  not  have  such  a  lobe, 
while  Phylocentropus  (Dipseudopsidae)  has  a  trace  of  one. 

In  contrast  to  Ross  (1967)  and  Weaver  (1983,  1984), 
Schmid  (1989)  considered  the  Hydropsychidae  to  be  the 
sister  group  of  all  the  other  Hydropsychoidea.  Our  results 
for  the  combined  larval  -i-  adult  data  are  consistent  with 
Schmid's  placement  of  this  family.  Unequivocal  evidence 
for  monophyly  of  a  group  composed  of  the  Psychomy- 
iidae, Xiphocentronidae,  Ecnomidae,  Dipseudopsidae,  and 
Polycentropodidae  is  the  approximate  hind  angles  of  the 
pronotum  (Appendix,  character  18b),  and  dorsal  scleroti- 
zation  of  the  prelabio-hypopharyngeal  lobe  (7b). 
Moreover,  except  for  Ecnomidae  the  labial  palps  are 
appressed  to  the  lobe  (8b),  and  except  for  some  Polycen- 
tropodidae (e.g.,  Polycentropus)  the  lobe  is  tapered  to  a 
point  (6b). 

Relationships  within  the  group  comprising  the 
Psychomyiidae,  Xiphocentronidae,  Ecnomidae,  Dipseu- 
dopsidae, and  Polycentropodidae  are  unclear.  In  our  parsi- 
mony analyses  of  the  larval  -t-  adult  data,  the  Ecnomidae, 
Dipseudopsidae,  and  Polycentropodidae  were  grouped 
together,  and  the  Xiphocentronidae  and  Psychomyiidae 
were  variously  arranged  outside  of  this  group.  Schmid 
(1989,  fig.  33)  presented  a  very  different  arrangement  of 
these  families.  The  Ecnomidae,  Dipseudo-psidae,  and 
Polycentropodidae  were  always  grouped  together  in  our 
parsimony  analyses  because  in  larvae  segment  IX  is  part- 
ly divided  and  incorporated  into  the  anal  prolegs 
(Appendix,  character  38c),  in  adults  the  mesoscutellum  is 
elevated  (59b),  in  the  adult  female  segment  X  has  lateral 
papillae  (68b),  and  as  noted  above  the  male  inferior 
appendages  are  one-segmented  (70b).  All  of  these  charac- 
ters present  difficulties.  Abdominal  segment  IX  is  divided 
to  about  the  same  extent  in  larvae  of  Stenopsychidae  and 
Dolophilodes  (Philopotamidae);  the  mesoscutellum  is  also 
elevated  in  adults  of  Hydroptilinae;  females  of 
Dolophilodes  major  (Philopotamidae)  have  lateral  papil- 
lae; and  reduction  in  the  number  of  segments  of  the  male 
inferior  appendages  has  occurred  many  times  in 
Trichoptera. 

Another  consistent  result  in  our  analyses  was  that  the 
Dipseudopsidae  and  Polycentropodidae  were  always  treat- 
ed as  sister  groups  because  the  apical  and  basal  piece  of 
the  trochanter  is  closed  on  all  legs  (Appendix,  character 
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29c).  However,  in  larvae  of  Ecnomidae  and  Polycentro- 
podidae  the  abdominal  segments  each  have  a  large  patch 
of  setae  laterally  (36b);  in  Dipseudopsidae  there  is  a  fringe 
of  simple  lateral  filaments  in  this  location.  This  is  evidence 
that  the  Ecnomidae  are  more  closely  related  to  Polycentro- 
podidae  than  to  Dipseudopsidae.  Clearly,  better  data  are 
needed  to  establish  the  relationships  between  these  fami- 
hes. 

To  summarize,  our  analyses  of  the  morphological  data 
provide  unqualified  support  for  monophyly  of  Annulipa- 
Ipia  (s.s.)  and  Philopotamoidea,  and  more  limited  support 
for  monophyly  of  Hydropsychoidea.  Our  results  also 
clearly  indicate  that  the  Hydropsychidae  are  the  sister 
group  of  the  rest  of  the  Hydropsychoidea. 

ISSUES  ABOUT  INTEGRIPALPIA 

Our  results  provide  strong  support  for  monophyly  of  the 
Integripalpia  and  Plenitentoria,  but  lead  us  to  question 
whether  the  Brevitentoria  and  Leptoceroidea  are  mono- 
phyletic  groups.  Evidence  in  larvae  for  monophyly  of 
Integripalpia  is  absence  of  a  large  basiconic  sensillum  at 
the  apex  of  the  antenna  (Appendix,  character  4c),  and 
presence  of  a  lateral  fringe  and/or  forked  lamellae  along 
the  sides  of  one  or  more  abdominal  segments  (36Ca).  A 
synapomorphy  in  adults  is  the  structure  and  orientation  of 
the  pectinate  microtrichia  that  form  the  walls  of  the  chan- 
nels on  the  haustellum  (47b).  In  females  there  is  the 
absence  of  the  abdominal  cerci  (66b),  and  absence  of  the 
rodlike  apodemes  of  abdominal  segments  VIII  and  IX 
(67e).  However,  according  to  Ross  (1967)  some  genera 
have  vestiges  of  these  apodemes;  moreover,  they  are  also 
more  or  less  completely  absent  in  Hydrobiosidae, 
Protoptila  (Glossosomatidae),  and  several  families  of 
Annulipalpia. 

Weaver  (1983,  1984)  proposed  some  additional 
synapomorphies  for  Integripalpia  from  the  females: 
abdominal  segment  X  with  pair  of  dorsolateral  append- 
ages; apex  of  abdomen  blunt;  segments  X  and  XI  reduced; 
vulva  and  rectum  with  separate  openings.  We  found  reason 
to  question  Weaver's  interpretation  of  each  of  these  char- 
acters (see  section  on  morphology). 

Evaluation  of  the  Basal  Dichotomy  in  Integripalpia 

Ross  (1967)  considered  the  Integripalpia  to  be  composed 
of  two  groups:  the  limnephilid  and  leptocerid  branches. 
Weaver  (1983,  1984)  referred  to  them  as  the  Plenitentoria 
and  Brevitentoria,  respectively. 

Ross  (1967)  proposed  the  following  synapomorphies 
in  support  of  monophyly  of  the  Plenitentoria:  in  larvae, 
presence  of  a  prostemal  horn,  and  pronotum  with  a  preapi- 
cal  crease  (=  sulcus);  and  in  adults,  labrum  elongate  and 
set  off  basally  by  a  narrower  piece,  mandibles  reduced, 
and  front  wing  of  male  with  vein  M4  lost.  All  of  these 
characters  present  problems.  A  minor  difficulty  is  that 


some  genera  of  Brachycentridae  and  Uenoidae  do  not  have 
a  prostemal  horn  (see  section  on  morphology);  undoubt- 
edly the  horn  has  been  lost  in  these  taxa.  A  more  serious 
difficulty  is  that  the  position  and  form  of  the  pronotal 
preapical  sulcus  in  some  taxa  that  Ross  placed  in 
Plenitentoria,  e.g.,  Neophylax  and  Neothremma 
(Uenoidae),  is  identical  with  some  that  he  placed  in  the 
Brevitentoria,  e.g.,  Molannidae,  Kokiriidae,  Philorheithri- 
dae,  and  Triaenodes  (Leptoceridae).  The  Limnocentro- 
podidae,  Phryganeidae,  Phryganopsychidae,  and  Brachy- 
centridae, all  placed  by  Ross  in  Plenitentoria,  are  much 
like  Mystacides  (Leptoceridae)  for  this  character.  We  con- 
clude, as  did  Flint  (1981)  and  Scott  (1993),  that  the  posi- 
tion of  the  preapical  sulcus  of  the  pronotum  does  not 
always  distinguish  members  of  the  Brevitentoria  and 
Plenitentoria.  Similarly,  the  form  of  the  adult  labrum  does 
not  appear  to  separate  all  taxa  placed  by  Ross  (1967)  in  the 
Plenitentoria  from  those  included  in  Brevitentoria;  more- 
over, we  were  unable  to  score  the  character  with  consis- 
tency. The  adult  mandibles  are  reduced  to  the  same  extent 
in  some  taxa  that  Ross  placed  in  the  Brevitentoria,  i.e., 
Molanna,  Heteroplectron,  and  AUoecella,  as  in  taxa 
belonging  to  the  Plenitentoria.  Finally,  males  of  most  fam- 
ilies in  both  groups  lack  forewing  vein  M4. 

Presence  of  Gilson's  gland  in  larvae  (Appendix,  char- 
acter 68c)  is  another  synapomorphy  for  Plenitentoria;  but 
this  could  be  the  plesiomorphic  condition  of  the  character. 
Moreover,  this  gland  is  also  found  in  the  Tasimiidae, 
which  may  or  may  not  belong  to  Plenitentoria  (see  below). 
The  lateral  position  of  seta  7  of  the  larval  anal  prolegs 
(40b)  also  distinguishes  all  families  that  both  Ross  and 
Weaver  included  in  the  Plenitentoria.  However,  the 
Tasimiidae  and  Kokiriidae  also  have  this  condition,  and 
the  latter  family  was  never  included  in  the  Plenitentoria  in 
our  analyses  of  the  morphological  data  (see  below), 
although  Ross  (1967)  and  Neboiss  (1987)  did  place  it 
there,  unlike  Weaver  (1983,  1984)  who  placed  it  in 
Brevitentoria  as  a  synonym  of  Plectrotarsidae.  Based  on 
the  presence  of  Gilson's  gland  and  the  prostemal  hom,  and 
the  position  of  seta  7  of  the  anal  prolegs,  the  Plectrotarsi- 
dae were  always  placed  in  our  analyses  in  the  Plenitento- 
ria; in  this  respect  our  results  agree  with  those  of  Ross 
(1967)  and  Neboiss  (1987),  but  not  of  Weaver  (1983, 
1984). 

Ross  (1967)  hsted  two  characters  of  adults  as  evi- 
dence for  monophyly  of  the  Brevitentoria:  ocelli  absent 
and  supratentorium  incompletely  formed.  Weaver  (1983. 
1984)  added  one  larval  character:  spicules  (=  forked 
lamellae)  absent  on  all  larval  abdominal  segments  except 
VIII.  Weaver  (1983,  1984)  also  tentatively  proposed  a 
behavioural  character  for  the  adult  female:  ability  to  carry 
the  egg  mass  in  flight.  All  of  this  evidence  for  monophyly 
is  equivocal.  The  ocelli  are  absent  in  adults  of  various 
Trichoptera,  including  some  undoubted  members  of  the 
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Pleniientoria;  the  same  is  true  for  the  incomplete  condition 
of  the  dorsal  arms  of  the  tentorium.  Thus,  neither  piece  of 
evidence  is  compelling.  Forked  lamellae  are  found  on  sev- 
eral segments  in  Pseudogoera  (Odontoceridae),  while  ser- 
rate lamellae  are  present  on  several  segments  in  Beraea 
(Beraeidae),  Gumaga  (Sericostomatidae),  and  Helicopsy- 
che  (Helicopyschidae).  If  the  presence  of  forked  lamellae 
on  several  segments  is  plesiomorphic,  and  serrate  lamellae 
are  derived  from  forked  lamellae,  then  confinement  of 
these  lamellae  to  segment  VIII  has  occurred  several  times 
in  Brevitentoria.  However,  it  cannot  be  ruled  out  a  priori 
that  confinement  of  the  lamellae  to  segment  VIII  is  the 
plesiomorphic  condition.  Finally,  to  our  knowledge, 
oviposition  behaviour  is  known  for  too  few  families  to 
support  retention  of  the  egg  mass  in  flight  as  a  synapo- 
morphy  for  the  Brevitentoria. 

Lack  of  a  unique  synapomorphy  for  the  Brevitentoria 
is  reflected  in  the  results  of  our  analyses.  The  families  that 
Ross  (1967)  and  Weaver  (1983,  1984)  both  placed  in  this 
group  were  separated  as  several  separate  lineages  along 
with  the  Plenitentoria  in  a  more  or  less  unresolved  polyto- 
my  (Figs.  24-27).  The  largest  group  belonging  to  the 
Brevitentoria  that  consistently  emerged  in  our  analyses 
comprises  Helicophidae,  Anomalopsychidae,  Beraeidae, 
Calocidae,  Sericostomatidae,  and  Helicopsychidae.  These 
families  were  grouped  together  because  in  larvae  the 
pronotum  is  lightly  tanned  posteriorly  (Appendix,  charac- 
ter 17b),  and  in  all  except  Helicophidae  tergum  IX  is 
membranous  and  has  one  pair  of  long  setae  (34c).  The 
order  in  which  these  taxa  were  separated  differed  marked- 
ly in  parsimony  and  compatibility  analyses  (cf.  Figs. 
24—27).  The  Beraeidae,  Sericostomatidae,  and  Helicopsy- 
chidae were  grouped  together  in  compatibility  analyses 
because  the  larvae  have  serrate  lamellae  laterally  on  the 
abdomen  (36d).  Weaver  (1983,  1984)  placed  all  six  families 
(plus  Chathamiidae  and  Conoesucidae,  which  we  did  not 
examine)  in  the  Sericostomatoidea,  noting  that  adults  of 
these  families  are  characterized  by  absence  on  the  middle 
leg  of  preapical  spurs,  so  that  the  tarsal  formula  is  2,  2,  4. 

The  remaining  families  of  Brevitentoria  (i.e., 
Limnocentropodidae,  Kokiriidae,  Philorheithridae,  Odon- 
toceridae, Calamoceratidae,  Molannidae,  and  Leptoceri- 
dae)  were  placed  by  Weaver  (1983,  1984)  in  the 
Leptoceroidea,  based  upon  two  putative  synapomorphies: 
predatory  larvae,  and  adults  with  long  narrow  forewings. 
However,  larvae  of  Calamoceratidae  are  phytophagous 
(Weaver,  1984),  while  the  majority  of  South  African 
Leptoceridae  are  phytophagous  or  polyphagous  (Scott, 
1993).  As  for  the  forewings  being  narrow,  they  are  as 
broad  in  Limnocentropodidae  (Kimmins,  1950,  fig.  1)  and 
Calamoceratidae  (Schmid,  1980,  fig.  730)  as  in  various 
Sericostomatoidea  (e.g.,  Helicopsychidae,  Schmid,  1980, 
fig.  642). 

The  Kokiriidae  and  Molannidae  were  always  grouped 


together  in  our  numerical  analyses  because  in  larvae  there 
are  numerous  setae  on  the  postlabium  (Appendix,  charac- 
ter 9b),  and  on  the  frontoclypeus  seta  1  is  straight  and  dark 
in  colour  (10b).  Together  they  were  often  grouped  with 
Atriplectides  (Odontoceridae)  because  the  distal  as  well  as 
the  proximal  part  of  the  metatrochanter  is  closed  on  all 
legs  (29e);  but  they  were  sometimes  grouped  with  the 
Leptoceridae  and  Sericostomatoidea  because  the  venter  of 
the  head  is  lightly  tanned  posteriorly  (13b).  The 
Limnocentropodidae,  Philorheithridae,  Calamoceratidae, 
Psilotreta  +  Pseudogoera  (Odontoceridae),  and  Leptoceri- 
dae were  each  variously  placed  in  our  analyses  (Figs. 
24-27). 

The  position  of  the  Limnocentropodidae  is  especially 
problematic.  Ross  ( 1 967)  placed  this  family  at  the  base  of 
the  limnephihd  branch  (=  Plenitentoria)  but  noted  that 
except  for  absence  of  forewing  vein  M4,  it  does  not  have 
any  of  the  derived  traits  that  characterize  the  limnephilid 
branch.  Weaver  (1983,  1984)  positioned  this  family  at  the 
base  of  the  Leptoceroidea  (Brevitentoria).  In  our  parsimo- 
ny analyses  the  Limnocentropodidae  were  treated  as  the 
sister  group  of  all  other  Integripalpia,  the  evidence  being 
that  in  larvae  of  most  Integripalpia  the  trochanter  of  at 
least  the  middle  and  hind  legs  is  long  (Appendix,  charac- 
ter 28b),  and  there  is  a  dorsal  hump  as  well  as  lateral 
humps  on  abdominal  segment  I  (35c),  while  in  adults  ocel- 
li are  absent  (48b)  and  the  tentorium  is  U-shaped  (51b). 
However,  this  evidence  is  equivocal  because  while  the 
Limnocentropodidae  have  the  primitive  condition  of  each 
of  these  characters,  so  do  some  other  families  of 
Integripalpia,  i.e.,  Tasimiidae,  Kokiriidae,  Atriplectides 
(Odontoceridae),  Molannidae  (28a);  Phryganopyschidae, 
Lepidostomatidae,  Anomalopyschidae  (38b),  and 
Brachycentridae  (38a);  Anomalopsychidae  and  most 
Plenitentoria  (48a);  various  Brevitentoria  (51a).  Other 
possible  evidence  is  that  larvae  of  all  Integripalpia  other 
than  Limnocentropodidae  have  the  posterior  apodeme  of 
the  pronotum;  otherwise  this  apodeme  is  only  present  in 
Hydropsychidae.  Finally,  the  terminalia  in  females  of 
Limnocentropodidae  are  among  the  least  modified  of  all 
Integripalpia.  For  example,  sternum  VIII  is  entirely  sepa- 
rated from  sternum  IX,  while  tergum  IX  is  partly  separat- 
ed from  tergum  X;  this  condition  is  otherwise  found  in 
Integripalpia  only  in  Phryganopsychidae  (Wiggins  and 
Gall,  1993).  Location  of  the  gonopore  is  also  primitive  for 
Limnocentropodidae  relative  to  all  other  Integripalpia 
except  perhaps  Molannidae. 

Another  family  that  is  difficult  to  place  is  the 
Tasimiidae.  Weaver  (1983,  1984)  included  this  family  in 
the  Brevitentoria,  but  could  not  determine  whether  it  has 
closer  affinities  to  the  Leptoceroidea  or  to  the  Sericos- 
tomatoidea. In  some  of  our  analyses  this  family  was 
grouped  with  the  Plenitentoria  (Figs.  24,  26)  because  of 
the  presence  of  Gilson's  gland  in  larvae  (character  19b), 
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but  this  could  be  the  plesiomorphic  condition  of  the  char- 
acter. Another  derived  trait  that  the  Tasimiidae  and  all  fam- 
ilies of  Plenitentoria  share  is  the  position  of  seta  7  of  the 
anal  prolegs  (Appendix,  character  40b),  but  the  Kokiriidae 
also  exhibit  this  condition.  In  other  analyses  the 
Tasimiidae  were  grouped  with  the  Limnocentropodidae 
and  the  rest  of  the  Integripalpia  in  an  unresolved  trichoto- 
my (Fig.  27)  because,  among  families  of  Integripalpia, 
only  in  larvae  of  the  Tasimiidae  and  Limnocentropodidae 
is  the  trochanter  short  on  all  three  pairs  of  legs  (28a).  In 
still  other  analyses,  the  Tasimiidae  and  Atriplectides 
(Odontoceridae)  were  grouped  (Fig.  25),  but  only  on  the 
basis  of  homoplasious  characters. 

Relationships  among  Families  of  Plenitentoria 

A  consistent  result  in  parsimony  analyses  for  the 
Plenitentoria  was  that  the  Phryganopsychidae  were  sepa- 
rated first,  followed  by  a  group  composed  of  the 
Phryganeidae  and  Plectrotarsidae.  None  of  these  group- 
ings are  supported  by  a  character  that  is  uniquely  derived, 
hence  this  arrangement  did  not  emerge  in  compatibility 
analyses.  A  detailed  investigation  of  relationships  among 
families  of  the  Plenitentoria  is  under  way  (Gall  and 
Wiggins,  in  press),  and  so  we  do  not  discuss  further  our 
results  for  this  group. 

To  summarize,  monophyly  of  both  the  Integripalpia 
and  the  Plenitentoria  is  well  supported,  but  convincing 
morphological  evidence  for  monophyly  of  the  Breviten- 
toria  is  lacking.  The  Sericostomatoidea  emerge  as  a  mono- 
phyletic  group;  but  relationships  of  the  other  families  of 
Brevitentoria  are  uncertain.  There  are  indications  that  the 
Phryganopsychidae,  Plectrotarsidae,  and  Phryganeidae  are 
the  most  primitive  families  of  Plenitentoria. 


Conclusions  about  Phylogeny  of  Trichoptera  Based 
upon  Morphology 

Based  on  analyses  of  characters  of  larvae  and  adults  and 
evaluation  of  previously  proposed  arrangements  of 
Trichoptera,  the  Annulpalpia  (s.s.)  and  Integripalpia  (s.s.) 
emerge  as  robust  groups  at  the  subordinal  level.  All  mor- 
phological evidence  for  arrangements  previously  proposed 
for  the  Hydroptilidae,  Glossosomatidae,  Rhyacophilidae, 
and  Hydrobiosidae  is  equivocal,  except  for  possible  rela- 
tionship of  these  families  to  Integripalpia  based  upon  pres- 
ence in  larvae  of  a  sclerous  shield  on  tergum  IX  (Ross, 
1967).  In  contrast,  one  larval  antennal  character  provides 
unequivocal  evidence  for  monophyly  of  a  group  com- 
posed of  the  Glossosomatidae,  Rhyacophilidae,  Hydrobio- 
sidae, and  Annulipalpia,  and  another  for  monophyly  of 
Rhyacophilidae  -i-  Hydrobiosidae.  The  Hydroptilidae  con- 
sistently emerge  as  the  sister  group  of  the  Integripalpia  in 
our  analyses,  but  the  morphological  traits  linking  the  two 
groups  are  not  convincing.  Within  Annulipalpia,  there  is 
morphological  evidence  for  monophyly  of  the  Philopot- 
amoidea  and  Hydropsychoidea,  and  evidence  that  the 
Hydropsychidae  are  the  sister  group  of  the  rest  of  the 
Hydropsychoidea.  Within  Integripalpia,  the  Plenitentoria 
emerge  as  a  robust  group;  otherwise  only  the  Sericos- 
tomatoidea do  so.  Remarkably  few  groupings  above  the 
family  level  in  Trichoptera  are  supported  by  even  one 
uniquely  derived  morphological  character.  Moreover, 
many  morphological  characters  in  Trichoptera  are  poorly 
understood.  Given  this  situation,  the  plethora  of  alterna- 
tive classifications  for  Trichoptera  is  not  surprising.  In  the 
next  section  we  examine  larval  construction  behaviour  to 
try  to  gain  further  insight  into  the  higher  classification  of 
Trichoptera. 


Evolution  of  Larval  Construction  Behaviour 
and  the  Phylogeny  of  Trichoptera 


The  evolutionary  diversification  of  Trichoptera  has  pro- 
ceeded through  exploitation  by  the  larvae  of  resources  of 
space,  food,  and  dissolved  oxygen  in  aquatic  habitats. 
These  resources  have  been  subdivided  by  Trichoptera 
mainly  through  changes  in  larval  behaviour  involving  the 
use  of  silk  for  construction  of  retreats,  filter  nets,  and 
portable  cases,  allowing  larvae  to  exploit  similar  resources 
in  different  ways  (Mackay  and  Wiggins,  1979).  In  con- 
trast, subdivision  of  resources  by  the  largely  terrestrial  sis- 
ter order  Lepidoptera  has  taken  place  to  a  far  greater  extent 
by  specialization  on  different  food  plants,  mediated  by 
plant  chemistry  with  much  less  emphasis  on  different 
ways  of  using  silk. 


Two  themes  of  construction  behaviour  by  larvae  of 
Trichoptera  are  evident  (Fig.  28):  behaviour  of  growing 
larvae  and  activities  of  larvae  in  prepaiation  for  pupation. 
Pupation  behaviour  has  two  aspects:  spinning  of  the  pupal 
cocoon  and  construction  of  the  pupal  shelter. 

Behaviour  during  Larval  Growth 

Among  Trichoptera,  larvae  of  RhyacophiUdae,  Hydrobio- 
sidae, and  the  first  four  instars  of  Hydroptihdae  are  free- 
living  and  construct  neither  cases  nor  retreats.  Larvae  of 
Hydroptilidae  construct  either  a  portable  case  or  a  fixed 
retreat  at  the  beginning  of  the  last  instar.  Larvae  of 
Annulipalpia,  beginning  with  the  first  instar.  construct  a 
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fixed  retreat;  Glossosomatidae  and  Integripalpia  construct 
a  portable  case. 

Larvae  of  Rhyacophilidae  lay  down  a  silken  guy-line 
as  Ihey  move  about  (Ross,  1964),  as  do  larvae  of 
Lepidoptera.  According  to  Nielsen  (1948:143-144,  163), 
in  Hydroptilidae  only  the  last  instar  spins  a  guy-line. 
Larvae  of  Micrasema  wataga  (Integripalpia:  Brachycen- 
tridae)  are  reported  to  use  a  guy-line  (Chapin,  1978:14); 
whether  other  Integripalpia,  Hydrobiosidae,  Glossosoma- 
tidae. or  Annulipalpia  do  so  is  not  known. 

Larvae  of  Micropterigidae,  the  most  primitive  family 
of  Lepidoptera  (Kristensen.  1984a;  Nielsen,  1989),  are 
"secretive,  preferring  to  burrow  through  thick  mats  of 
mosses  and  lichens  or  leaf  litter"  (Davis,  1987a).  As  far  as 
is  known,  other  non-glossatan  Lepidoptera  are  seed  or  leaf 
miners,  and  the  most  primitive  Glossata  are  also  leaf  min- 
ers, "while  exoporian  larvae  are  .  .  .  litter  feeding  soil  ani- 
mals [the  larger  forms  often  root  or  stem  borers,  or  exter- 
nal feeders,  in  later  instars]"  (Kristensen,  1990).  Among 
Nearctic  Mecoptera,  larvae  of  Panorpidae  and  Bittacidae 
range  freely  in  the  leaf-litter  layer  and  on  the  soil  surface, 
Panorpodidae  live  in  soil  closely  associated  with  roots  of 


herbaceous  plants,  and  Boreidae  are  found  mostly  in  earth- 
en cells  among  rhizoids  of  terrestrial  mosses  (Byers, 
1987).  Larvae  of  the  family  Nannochoristidae  from  New 
Zealand  live  in  silt  at  the  bottom  of  pools  and  slow-mov- 
ing sections  of  streams  (Pilgrim,  1972). 

The  evidence  from  larvae  of  Micropterigidae  and 
most  Mecoptera  indicates  that  although  the  ancestral 
Amphiesmenopteran  larva  would  have  lived  in  htter,  it 
moved  about  freely;  similar  behaviour  can  thus  be  attrib- 
uted to  the  ancestral  Trichopteran  larva.  Use  of  silk  (if 
any)  by  the  growing  larva  would  have  been  restricted  to 
laying  down  a  silken  guy-line.  According  to  Kristensen 
(1990),  the  "habits  of  the  hygropetric  larvae  of  the 
Hydroptilidae-Ptilocolepinae  are  strikingly  similar  to 
those  inferred  to  be  ancestral  of  the  Amphiesmenoptera." 

Ross  (1967)  suggested  that  caddisfly  larvae  were 
originally  retreat  makers,  constructing  a  tube  net  of  silk  as 
do  extant  Philopotamidae,  on  the  basis  of  an  earlier  com- 
parison (Ross,  1964)  of  cocoon-making  behaviour  in  the 
silk-worm  caterpillars  of  Satumiidae  and  the  Philopota- 
midae. However,  because  the  Satumiidae  are  a  relatively 
derived  family  of  Lepidoptera,  that  comparison  reveals  lit- 
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Fig.  28.  Diagram  showing  evolution  of  some  aspects  of  larval  construction  behaviour  in  Trichoptera. 


tie  about  shared  ancestral  behaviour  of  Lepidoptera  and 
Trichoptera. 

Weaver  (1983,  1984)  and  Weaver  and  Morse  (1986) 
proposed  that  larvae  of  the  ancestral  Trichopteran  lived  in 
silk-lined  burrows  in  water- saturated  detritus  at  the  edge 
of  cool  slow-moving  streams.  However,  there  is  no  evi- 
dence that  larvae  of  the  most  primitive  extant  family  of 
Lepidoptera,  the  Micropterigidae,  actually  construct  or 
continually  use  a  burrow  or  any  other  kind  of  retreat,  or 
that  they  can  move  through  litter  or  soil  sufficiently  com- 
pact that  anything  more  is  required  than  pushing  obstruc- 
tions aside;  and  larvae  of  at  least  some  species  of 
Micropterigidae  range  freely  to  reach  the  above-ground 
parts  of  the  liverworts  and  mosses  upon  which  they  feed. 
Nor  is  there  evidence  that  larvae  of  Micropterigidae  or 
other  primitive  Lepidoptera  use  silk  except  for  pupation. 
Growing  larvae  of  Mecoptera  are  not  known  to  use  silk 
(Kaltenbach,  1978,  cited  in  Russell,  1982). 

Bohle  and  Fischer  (1983)  presented  evidence  that  the 
portable  domed  larval  case  of  Glossosomatidae  can  be 
derived  from  the  domed  pupal  shelter  of  Rhyacophilidae. 
We  infer  that  among  Hydroptilidae,  the  portable  domed 
case  of  some  Ochrotrichia  (Wiggins,  1977,  fig.  7.9C;  also 
cover  illustration),  and  the  stationary  domed  retreat  of  the 
Leucotrichiini  (e.g.,  Wiggins,  1977,  fig.  7.6B)  represent 
one  valve  of  the  bivalved  case  constructed  by  larvae  of 
most  genera.  The  portable  tubular  case  made  by 
Mayatrichia  (Wiggins,  1977,  fig.  7.7B)  can  also  be 
derived  from  the  bivalved  case.  We  conclude  that  for  all 
families  of  the  Spicipalpia,  larval  construction  is  solely 
pupation  behaviour  (Fig.  28),  either  at  the  close  of  the  final 
instar  (Rhyacophilidae,  Hydrobiosidae),  which  is  the  ple- 
siomorphic  condition,  or  precociously  through  an  advance 
in  the  time  of  onset  to  the  beginning  of  the  final  instar 
(Hydroptilidae)  or  the  beginning  of  the  first  instar  (Glosso- 
somatidae). Moreover,  the  underlying  behaviour  is  not  the 
construction  of  a  tube,  but  rather  of  a  dome. 

Construction  of  a  silken  tube  at  the  beginning  of  the 
first  instar,  reinforced  with  various  gathered  materials, 
appears  to  be  the  fundamental  behaviour  common  to 
Annulpalpia  where  the  tube  is  stationary,  and  to 
Integripalpia  where  the  tube  is  portable  (Fig.  28).  Because 
construction  of  a  tube  at  the  beginning  of  the  first  instar  is 
not  known  to  occur  in  the  most  primitive  Lepidoptera,  and 
because  larvae  of  Spicipalpia  build  domes  but  not  tubes, 
we  interpret  tube-making  by  Trichoptera  as  apomorphic 
behaviour  and  as  a  trait  shared  by  the  Annuhpalpia  and 
Integripalpia.  Moreover,  we  consider  construction  of  a 
fixed  tube  by  larvae  of  Annuhpalpia  to  be  plesiomorphic 
as  opposed  to  construction  of  a  portable  tube  by 
Integripalpia  because  the  former  construct  a  domed  pupal 
shelter,  another  plesiomorphic  behaviour  (see  below). 


Cocoon  Construction 

Larvae  of  Rhyacophilidae,  Hydrobiosidae,  and  Glosso- 
somatidae, and  of  Leucotrichiini  and  Alisotrichia  (Hydro- 
ptilidae), construct  a  closed  cocoon  of  parchmentlike  silk 
for  pupation,  entirely  or  largely  free  from  the  pupal  shelter 
(Fig.  28).  The  cocoon  of  most  genera  of  Hydroptilidae, 
including  Palaeagapetus,  appears  to  be  incorporated  with 
the  silken  lining  of  the  larval  case,  and  the  larval  case  with 
the  openings  entirely  sealed  functions  as  a  pupal  cocoon. 

Among  Annuhpalpia  (Fig.  28),  closed  cocoons  sepa- 
rate from  the  rock-fragment  pupal  shelter  are  constructed 
by  some  Philopotamidae  (Dotophilodes),  but  they  are 
flimsy  and  the  spaces  between  the  rock  fragments  of  the 
enclosure  are  restricted  with  silken  meshes  (Wiggins  and 
Wichard,  1989,  figs.  13,  15).  A  closed  cocoon  is  also  con- 
structed by  Parecnomina  (Ecnomidae)  (Wiggins  and 
Wichard,  1989).  In  other  Annuhpalpia,  the  walls  of  the 
cocoon  are  fused  entirely  with  the  silk  lining  of  the  pupal 
shelter,  the  interstices  between  the  rock  fragments  are 
closed,  and  water  circulates  through  the  enclosure  mainly 
by  means  of  the  anterior  and  posterior  perforations 
(Wiggins  and  Wichard,  1989,  figs.  3-6).  Among  the 
Integripalpia,  a  closed  cocoon  made  as  part  of  the  pupal 
case  is  known  only  in  the  Asian  family  Phryganopsychi- 
dae  (Fig.  28). 

Based  upon  outgroup  comparison  with  Micropter- 
igidae, other  primitive  Lepidoptera,  and  Hymenoptera, 
Wiggins  and  Wichard  (1989)  concluded  that  construction 
of  a  closed  parchmentlike  cocoon  by  larvae  of  Spicipalpia 
is  plesiomorphic  for  Trichoptera.  Additional  evidence  is 
that  the  cocoon  of  Caurinus  dectes  Russell  (Mecoptera: 
Boreidae),  the  only  Mecopteran  that  is  known  to  spin  a 
cocoon,  is  also  closed  and  parchmentlike  (Russell,  1982). 
A  qualification  about  the  cocoon  of  Micropteryx  calthella 
(Micropterigidae)  is  that  "in  the  head  end  a  hole  remains 
open,  only  slightly  spun  and  not  with  an  external  covering 
of  soil  particles  on  the  outer  side.  This  is  the  emergence 
hole  of  the  future  adult"  (Lorenz,  1961:19,  translated  by 
N.  R  Kristensen). 

A  related  issue  concerns  the  mechanism  of  osmotic 
regulation  by  pupae  of  Trichoptera.  The  closed  parch- 
menthke  cocoon  of  Rhyacophilidae  is  osmotically  semi- 
permeable (Wiggins  and  Wichard,  1989;  Wichard, 
Schmidt,  and  Wagner,  1993).  Wiggins  and  Wichard  ( 1 989) 
inferred  that  the  cocoons  of  Hydrobiosidae,  Glossosomati- 
dae, and  Hydroptilidae  are  also  semipermeable  because,  as 
in  Rhyacophildae,  these  cocoons  are  turgid  in  hfe  (for 
Hydroptihdae  see  also  Nielsen,  1948:170).  They  also 
inferred  that  the  closed  cocoon  constructed  by  larvae  of 
Dotophilodes  (Philopotamidae)  is  permeable  to  all  ions 
because  it  is  flimsy  and  never  turgid.  The  loose  structure 
of  the  cocoon  in  the  Phryganopsychidae  suggests  that  it  is 
also  fully  permeable. 

Wiggins  and  Wichard  (1989)  and  Wichard  (1991) 
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drew  attention  to  the  problem  of  osmotic  regulation  by 
insects  in  water  which  had  to  be  solved  before  the  larval 
and  pupal  stages  could  become  aquatic.  In  the  larval  stage, 
osmoregulation  is  achieved  by  the  abdominal  chloride 
epithelia  or  anal  papillae  (see  section  on  morphology).  The 
mechanism  of  osmotic  regulation  in  pupae  of  Annulipalpia 
and  Integripalpia  is  unknown,  but  these  authors  proposed 
that  in  Spicipalpia  the  closed,  osmotically  semipermeable 
cocoon  fulfills  this  function,  and  that  this  was  the  initial 
adaptation  for  achieving  osmotic  regulation  that  enabled 
the  pupal  stage  of  Trichoptera  to  become  aquatic.  This 
innovation  forced  the  pupa  to  depend  upon  diffusion  for 
respiration,  which  initially  restricted  larvae  of  Trichoptera 
to  cool  running  waters  where  oxygen  levels  are  relatively 
high,  until  the  osmotic  problem  of  the  pupal  stage  in 
Integripalpia  and  Annulipalpia  was  solved  by  other  means 
which  are  not  yet  understood.  This  made  possible  the 
appearance  of  permeable,  open  cocoons,  and  the  subse- 
quent spread  of  Integripalpia  and  Annulipalpia  into  lentic 
waters,  since  water  could  flow  directly  over  the  pupa, 
allowing  for  more  efficient  respiration. 

The  osmotic  properties  of  the  terrestrial  cocoon  of 
Micropterigidae  are  unknown;  nor  is  there  experimental 
evidence  that  respiration  of  caddis  pupae  in  closed  semi- 
permeable cocoons  is  less  efficient  than  in  an  open  perme- 
able one  (Weaver,  1992a).  However,  there  is  theoretical 
evidence  provided  by  Krogh's  diffusion  equation,  and 
there  is  the  fact  that  nearly  all  Trichoptera  with  closed 
semipermeable  cocoons  (i.e.,  Spicipalpia)  are  restricted  to 
cool  running  waters  (Wiggins  and  Wichard,  1989; 
Wichard,  1991).  The  few  exceptions  are  some  apomorphic 
genera  of  Hydroptilidae  (Wiggins  and  Wichard,  1989). 

There  are  four  possibilities:  either  the  micropterigid 
cocoon  is  semipermeable  and  there  is  (1)  or  is  not  (2)  a 
respiratory  advantage  in  water  to  having  a  permeable 
cocoon,  or  the  micropterigid  cocoon  is  permeable  and 
there  is  (3)  or  is  not  (4)  a  respiratory  advantage  to  having 
a  permeable  cocoon  in  water.  From  either  of  the  first  two 
possibilities  the  conclusion  would  be  that  a  semipermeable 
cocoon  is  plesiomorphic  for  Trichoptera.  The  conclusion 
from  the  third  possibility  would  be  that  the  semipermeable 
cocoon  is  an  innovation  for  Trichoptera  and  thus  a  synapo- 
morphy  for  the  order,  unless  an  advantage  to  having  this 
type  of  cocoon  is  discovered  that  outweighs  any  respirato- 
ry disadvantage;  then  one  could  conclude  from  the  third 
possibiUty  that  the  semipermeable  cocoon  is  a  synapo- 
morphy  for  Spicipalpia.  The  conclusion  from  the  fourth 
possibiUty  would  be  that  a  semipermeable  cocoon  is  a 
synapomorphy  for  Spicipalpia.  If  so,  it  would  be  necessary 
also  to  postulate  that  the  ancestral  Trichopteran  had  a 
closed  parchmentlike  cocoon  that  was  permeable.  No 
extant  caddisfly  has  a  pupal  cocoon  with  this  combination 
of  traits;  nor  is  there  any  evidence  for  an  advantage  of  a 
closed  permeable  cocoon  over  an  open  one  in  Trichoptera. 


We  concur  with  the  interpretation  that  all  available  evi- 
dence indicates  that  the  closed  parchmentlike  cocoon  of 
the  ancestral  Trichopteran  was  semipermeable  (Wiggins 
and  Wichard,  1989;  Wichard,  1991). 

From  intermediate  stages  represented  by  the 
philopotamid  genera  Wormaldia  and  Chimarra  and  the 
Stenopsychidae,  Wiggins  and  Wichard  (1989)  inferred  that 
through  changes  in  construction  behaviour  of  the  larvae, 
the  ends  of  the  closed  permeable  cocoon  of  Dolophilodes 
became  perforate  and  fused  to  the  ends  of  the  pupal  enclo- 
sure, admitting  water  into  the  cocoon  to  bathe  the  pupa 
directly.  Thus,  these  three  genera  of  Philopotamidae  reveal 
a  series  of  behavioural  stages  whereby  closed  permeable 
cocoons  free  from  the  pupal  enclosure  of  rock  fragments 
{Dolophilodes)  became  open  cocoons  fused  to  the  ends  of 
the  enclosure  {Chimarra).  Independent  support  that 
Dolophilodes  exhibits  the  plesiomorphic  behaviour  comes 
from  phylogenetic  analysis  of  the  philopotamid  genera 
based  on  morphology  by  Ross  (1956). 

Construction  of  a  Pupal  Shelter 

The  cocoons  of  Rhyacophilidae,  Hydrobiosidae,  Glosso- 
somatidae,  and  virtually  all  Annulipalpia  are  constructed 
within  a  dome  of  rock  fragments  held  together  by  silk 
(Wiggins  and  Wichard,  1989).  Larvae  of  Dipseudopsidae 
are  a  specialized  exception,  constructing  a  discrete,  flimsy 
pupal  cocoon  within  the  subterranean  dwelling  tube 
(Wallace,  Woodall,  and  Stats,  1976).  Pupation  in  most 
genera  of  Hydroptilidae  takes  place  in  the  closed  larval 
case  (actually  a  precocious  pupal  case,  as  noted  above). 

In  Rhyacophilidae,  Hydrobiosidae,  and  Glossosoma- 
tidae,  some  of  the  spaces  between  the  rock  fragments  of 
the  pupal  shelter  are  entirely  open.  Among  Annulipalpia 
(Fig.  28),  in  Philopotamidae  the  spaces  between  the  rock 
fragments  of  the  shelter  are  restricted  with  silken  meshes 
(Wiggins  and  Wichard,  1989,  figs.  13,  15).  In  other 
Annulipalpia,  the  interstices  between  the  fragments  are 
closed. 

Among  Integripalpia,  larvae  of  Phryganopsychidae 
and  the  genus  Yphria  (Phryganeidae:  Yphriinae)  build  a 
new  and  different  case  for  pupation  (Fig.  28;  Wiggins  and 
Wichard,  1989,  fig.  2).  Larvae  of  other  Integripalpia  close 
off  both  ends  of  the  case  with  perforate  silk  membranes, 
add  some  silk  to  the  interior  lining  of  the  case,  and  then 
pupate.  Flow  of  water  through  this  pupal  cell  is  regulated 
by  the  abdominal  undulations  of  the  pupa. 

Larvae  of  primitive  Lepidoptera  spin  their  cocoon 
either  in  an  earthen  cell  or  on  the  food  plant,  or  in  the  lar- 
val mine.  As  far  as  is  known,  larvae  of  Mecoptera  do  not 
do  any  more  than  this  before  pupating  (Russell,  1982). 
Thus,  construction  of  a  pupal  shelter  out  of  rock  fragments 
or  other  material  is  apomorphic  for  Trichoptera.  We  con- 
sider construction  of  an  open  dome  of  rock  fragments  held 
together  by  silk  to  be  the  ancestral  condition  of  this  beha- 
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vioural  trait  in  Trichoptera  because  all  families  that  exhib- 
it this  behaviour  are  also  the  ones  that  have  free-living  lar- 
vae (or  at  most  use  a  precocious  pupal  case),  and  construct 
a  closed  semipermeable  parchmentlike  cocoon  (Fig.  28). 
These  behaviours  are  confined  to  Spicipalpia,  and,  as 
shown  above,  are  plesiomorphic  for  Trichoptera. 

We  regard  use  of  the  larval  case  for  pupation  by  most 
Integripalpia  to  be  apomorphic  relative  to  the  behaviour  of 
Phryganopsychidae  and  Yphria  (Phryganeidae).  We  inter- 
pret this  behaviour  as  a  more  efficient  use  of  silk  and  of 
the  requisite  nutrients  and  energy,  than  is  pupation  in 
Annulipalpia  where  the  investment  made  by  the  larva  in 
constructing  a  retreat  is  abandoned  at  pupation. 

Behavioural  Groimdplan  for  Trichoptera 

Based  on  the  above  analysis,  we  recognize  three  beha- 
vioural traits  as  ancestral  for  Trichoptera. 

1.)  Larva  free-living,  constructs  no  fixed  retreat  or 
portable  case;  larval  construction  confined  to  making 
a  shelter  for  the  cocoon  at  close  of  final  instar. 

2.)  For  pupation,  mature  larva  constructs  closed 
cocoon  of  parchmentlike  silk  that  is  osmotically 
semipermeable  (Wiggins  and  Wichard,  1989; 
Wichard,  1991). 

3.)  Pupal  cocoon  spun  in  a  domed  shelter  of  rock 
fragments,  free  from  cocoon  wall,  shelter  open — i.e., 
spaces  between  rock  fragments  free  of  silk,  enabling 
water  to  flow  through. 

From  this  behavioural  groundplan,  and  our  inferences 
about  subsequent  changes  in  behaviour  outlined  above 
and  in  Fig.  28,  we  propose  behavioural  character  transfor- 
mation series  for  larval  case  construction  (Table  2,  char- 
acter 1 ),  and  for  the  nature  of  the  pupal  cocoon  (character 
2)  and  construction  of  the  pupal  shelter  (character  3). 

Cladistic  Analysis  of  the  Behavioural  Data 

Parsimony  and  compatibility  analyses  of  the  behavioural 
data  yielded  just  one  arrangement  (Fig.  29).  In  this 
arrangement  the  Annulipalpia  and  Integripalpia  are  treat- 
ed as  sister  groups.  Relationships  of  the  Rhyacophihdae, 
Hydrobiosidae,  and  Glossosomatidae  -i-  Hydroptilidae  are 
unresolved  because  a  behavioural  synapomorphy  for 
Spicipalpia  is  lacking. 

Evaluation  of  Results  Based  upon  Morphology  and 
Behaviour 

When  the  behavioural  data  are  analysed  together  with  the 
data  on  larval  and  adult  morphology  using  parsimony  and 
compatibility  methods,  the  results  are  about  the  same  as 
when  the  morphological  data  are  analysed  alone.  If  one  of 


Table  2.  Characters  of  larval  construction  behaviour,  and  their  distribution 
in  Trichoptera. 

character  1 


a      larva  free-living 

b      larva  constructs  precocious  pupal  shelter 

Ca    larva  constructs  stationary  tube 
d      larva  constructs  portable  tube 

character  2 


Rhyacophilidae, 
Hydrobiosidae 

Glossosomatidae, 
HydroptiUdae 

Annulipalpia 

Integripalpia 


a      cocoon  closed,  parchmentlike,  semipermeable 


b     cocoon  closed,  flimsy,  permeable 


cocoon  open,  incorporated  into  wall  of  pupal 
shelter 


Rhyacophihdae, 
Hydrobiosidae, 
Glossosomatidae, 
Hydroptilidae 

Dolophilodes 

(Philopotamidae), 

Parecnomina 

(Ecnomidae), 

Phryganopsychidae 

remaining 

Annulipalpia, 

Integripalpia 


character  3 


cocoon  free  of  pupal  shelter,  pupal  shelter 
dome-shaped,  gaps  between  stones  of  pupal 
shelter  entirely  open 


Rhyacophihdae, 

Hydrobiosidae, 

Glossosomatidae 


b      cocoon  free  of  pupal  shelter  or  just  fused  at         Philopotamidae, 
ends,  pupal  shelter  dome-shaped,  gaps  between   Stenopsychidae 
stones  of  pupal  shelter  restricted  with  silk 
mesh 

c      cocoon  fused  to  pupal  shelter,  pupal  shelter         remaining 
dome- shaped,  gaps  between  stones  of  pupal        Annulipalpia 
shelter  closed 

Da   cocoon  free  of  pupal  shelter,  pupal  shelter  Leucotrichiini  and 

dome-shaped,  or  cocoon  fused  to  pupal  shelter,  other  Hydroptilidae. 

pupal  shelter  consisting  of  two  appressed  respectively 
domes,  fastened  at  base;  shelter  entirely  sealed 


Ea    cocoon  fused  to  pupal  shelter,  pupal  shelter 

Phryganopsychidae, 

tube-shaped 

Yphriinae 

(Phryganeidae) 

f      pupation  in  larval  tube,  cocoon  fused  to  tube 

remaining 

Integripalpia 
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Fig.  29.  Minimum-length  tree  obtained  using  the  HENNIG86  computer 
program  on  a  data  set  for  characters  of  larval  construction  behaviour, 
showing  all  character  states  that  are  uniquely  derived. 

the  minimum-length  trees  obtained  using  the  morphologi- 
cal data  (e.g..  Fig.  24)  is  modified  by  moving  the 
Annulipalpia,  Rhyacophilidae,  Hydrobiosidae,  Glossoso- 
matidae, and  Hydroptilidae  to  positions  consistent  with  the 
behavioural  data  alone,  i.  e.,  the  Rhyacophilidae  +  Hydro- 
biosidae together  with  the  Glossosomatidae  -i-  Hydroptili- 
dae are  the  sister  group  of  the  Annulipalpia  +  Integripalpia, 
the  result  is  an  additional  eight  instances  of  homoplasy. 
Moving  the  Phryganopsychidae  and  Yphriinae  (Phryga- 
neidae) to  a  basal  position  in  Integripalpia  on  the  mini- 
mum-length tree  increases  the  length  of  the  tree  by  anoth- 
er 15  steps.  Moreover,  we  do  not  know  of  a  morphological 
character  that  can  be  interpreted  as  a  synapomorphy  for 
Annulipalpia  -i-  Integripalpia.  This  shows  that  the  morpho- 
logical data  do  not  provide  support  for  the  arrangement 
based  on  behavioural  data.  However,  the  relationships 
between  the  families  of  Spicipalpia  indicated  by  the  mor- 
phological data,  with  some  significant  exceptions  (i.e., 
relationship  of  the  Hydrobiosidae  to  the  RhyacophiUdae, 
and  relationship  of  these  two  families  and  the  Glosso- 
somatidae to  the  Annulipalpia,  or  relationship  of  all  the 
families  of  Spicipalpia  to  Integripalpia),  are  largely  or 
entirely  supported  by  characters  that  are  homoplasious  or 
for  which  the  polarity  is  questionable;  moreover,  different 
kinds  of  numerical  analyses  give  different  results.  Hence, 
the  results  of  the  numerical  analyses  for  families  of  the 
Spicipalpia  based  on  morphological  data  are  themselves 
not  conclusive. 

Despite  these  problems,  the  morphological  and 
behavioural  data  both  show  that  the  Spicipalpian  families 
retain  a  large  array  of  plesiomorphic  morphological  and 
behavioural  traits,  compared  to  even  the  most  primitive 
families  of  Aimulipalpia  and  Integripalpia. 

Ancestral  Habitat  of  Trichoptera 

The   Spicipalpia  are  restricted  to  cool  running  water. 


except  for  some  apomorphic  genera  of  Hydroptilidae  that 
occur  in  lentic  waters.  The  Annulipalpia  mostly  occur  in 
running  waters  of  all  kinds,  while  some  are  found  along 
wave-washed  shorelines  of  lakes.  The  Integripalpia  occur 
in  various  lotic  habitats,  but  also  in  many  lentic  ones, 
including  lakes,  marshes,  and  temporary  pools. 

The  question  of  the  aquatic  habitat  in  which 
Trichoptera  first  entered  fresh  water  cannot  be  investigat- 
ed by  outgroup  comparison  because  most  Lepidoptera, 
including  the  most  primitive  families,  are  terrestrial,  as  are 
most  Mecoptera.  However,  based  on  our  conclusion  that 
the  ancestral  Trichopteran  constructed  a  semipermeable 
cocoon,  it  follows  that  cool  running  water  was  the  ances- 
tral habitat  because  virtually  all  of  the  Trichoptera  that 
construct  such  a  cocoon  (i.e.,  the  Spicipalpia)  live  in  this 
habitat,  and  because  a  respiratory  constraint,  at  least  theo- 
retically, accounts  for  the  restriction  of  Trichoptera  with 
closed  semipermeable  cocoons  to  cool  running  water. 
Secondly,  if  the  habitats  of  extant  Trichoptera  are  super- 
imposed upon  the  various  arrangements  that  we  obtained 
using  the  morphological  data  (Figs.  23-27),  in  each 
instance  it  is  most  parsimonious  to  attribute  running  water 
as  the  ancestral  habitat  for  Trichoptera.  Additional  evi- 
dence for  the  origin  of  Trichoptera  in  cool  lotic  waters  is 
the  analysis  of  Ross  (1956),  showing  that  habitats  of  the 
morphologically  primitive  genera  in  most  families  of 
Trichoptera  are  cool  running  waters,  and  that  the  more 
derived  genera  are  characteristic  of  warmer  lotic  and  lentic 
waters. 

As  already  noted.  Weaver  and  Morse  (1986)  proposed 
a  scenario  in  which  the  ancestral  trichopteran  larvae  Hved 
in  silk-lined  burrows  in  water-saturated  detritus  at  the  edge 
of  slow-moving  streams.  Their  scenario  was  based  on  the 
phylogeny  for  Trichoptera  proposed  by  Weaver  (1983, 
1984)  and  on  experiments  done  by  Hanna  (1960)  and 
Tomaszewski  (1981).  Weaver  and  Morse  (1986)  postulat- 
ed that  the  ancestor  of  Annulipalpia  modified  the  burrow 
as  a  stationary  tube  on  the  surface  of  the  substrate,  and  that 
the  ancestral  Integripalpian  evolved  a  portable  tube  case 
by  severing  the  tube  posteriorly;  larvae  of  Rhyacophilidae 
and  allies  evolved  later  to  become  free-living  in  cool  run- 
ning water. 

There  are  several  difficulties  with  Weaver  and 
Morse's  scenario.  Our  analyses  of  data  from  larval  and 
adult  morphology  do  not  support  the  phylogeny  upon 
which  their  scenario  is  based.  Also,  the  tube-building 
behaviour  attributed  by  Weaver  and  Morse  (1986)  to 
ancestors  of  the  Trichoptera  is  not  shared  by  the  most 
primitive  family  of  Lepidoptera  or  by  Mecoptera.  Instead, 
based  on  outgroup  comparison,  we  conclude  above  that 
larvae  of  the  ancestral  Trichopteran  were  free-living,  as 
are  larvae  of  most  Spicipalpia;  the  others  construct  at  most 
a  precocious  domed  pupal  shelter.  Moreover,  there  is  no 
evidence   that   closed,   parchmentlike,   semipermeable 
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cocoons  are  constructed  by  Trichoptera  larvae  living  in 
water-saturated  detritus;  larvae  that  do  live  in  these  habi- 
tats, i.e.,  various  Integripalpia  (s.s.),  have  open  cocoons 
that  permit  water  to  flow  directly  over  the  pupa,  which  we 
have  shown  above  to  be  a  derived  trait  in  Trichoptera. 

Osmotic  regulation  by  the  terrestrial  ancestors  of 
Trichoptera  in  their  invasion  of  fresh  water  was  not  con- 
sidered by  Weaver  and  Morse  (1986);  yet  this  appears  to 
be  a  fundamental  biological  problem  that  had  to  be  solved 
by  every  group  of  insects  that  now  has  one  or  more  aquat- 
ic life  stages  (Wichard,  1991).  Any  hypothesis  concerning 
the  ancestral  habitat  of  Trichoptera  must  address  this  issue 
and  must  also  account  for  the  construction  of  closed  semi- 
permeable cocoons  by  larvae  of  Spicipalpia. 

Considering  ecological  diversification,  it  is  evident 
that  larvae  of  the  Spicipalpian  families  have  radiated  only 
to  a  limited  extent  beyond  cool  lotic  habitats  in  compari- 
son to  Annulipalpia  and  Integripalpia.  Weaver  (1992a) 
compared  the  total  number  of  species  in  each  of  the  three 
suborders  as  a  measure  of  ecological  success,  and  con- 
cluded that  the  Spicipalpia  are  as  successful  as  the  other 
two  suborders;  but  in  terms  of  diversification  into  different 
habitats,  this  statistic  is  irrelevant.  The  behaviour  of  con- 
structing semipermable  cocoons  was  a  constraint  to 
expansion  into  other  habitats  by  Spicipalpia.  The  far 
broader    range    of    aquatic     habitats     exploited    by 


Annulipalpia  and  Integripalpia  can  be  attributed  to  two 
fundamental  changes  in  behaviour:  construction  of  open 
cocoons  that  permit  freshly  oxygenated  water  to  flow 
directly  over  the  pupa,  and  the  building  of  tubes  at  the 
beginning  of  larval  hfe. 

The  portable  tube-case  constructed  by  larvae  of 
Integripalpia  would  have  provided  protection  from  preda- 
tors, enabling  them  to  forage  actively  for  food;  and  it 
seems  reasonable  to  infer  that  as  they  penetrated  deposi- 
tional  areas,  there  would  have  been  an  increase  in  feeding 
by  shredding  accumulations  of  leaves  and  other  coarse 
organic  matter.  By  means  of  their  fixed  tubular  retreats  and 
filter  nets,  larvae  of  Annulipalpia  were  able  to  harvest  the 
fine  particulate  organic  material  produced  by  Integripal- 
pian  larvae.  Diversification  of  the  Integripalpia  and 
Annulipalpia  may  well  have  coincided  with  the  radiation 
of  angiosperms  in  the  late  Jurassic  and  Cretaceous 
(Wootton,  1988),  as  fallen  leaves  provided  new  and  abun- 
dant organic  substrates  for  the  aquatic  fungi  and  bacteria 
on  which  larvae  of  both  suborders  largely  depend.  There  is 
also  the  intriguing  possibility  that  exploitation  of  the 
resources  of  depositional  areas  would  have  placed  selec- 
tive advantage  on  increased  efficiency  of  respiration  in 
lentic  habitats;  and  under  these  circumstances,  the  larva's 
ability  to  generate  a  current  of  water  through  the  case 
would  have  been  an  asset. 


Higher  Classification  of  Trichoptera 


The  analysis  of  phylogenetic  relationships  in  this  study 
bears  on  several  aspects  of  higher  classification  in 
Trichoptera. 

First,  additional  evidence  is  advanced  in  support  of 
the  Annulipalpia  (s.s.)  and  Integripalpia  (s.s.)  as  highly 
corroborated  monophyletic  groups,  based  on  an  array  of 
morphological  and  behavioural  characters.  These  two  sub- 
orders comprise  the  large  majority  of  famihes  in  the 
Trichoptera. 

Second,  we  find  httle  evidence  to  support  monophyly 
of  the  four  remaining  families:  Rhyacophihdae,  Hydrobio- 
sidae,  Glossosomatidae,  and  Hydroptilidae.  There  is  mor- 
phological evidence  that  the  Rhyacophihdae  and  Hydro- 
biosidae  are  sister  groups,  and  for  relationship  of  Glosso- 
somatidae and  Rhyacophilidae  +  Hydrobiosidae  to  the 
Annulipalpia,  and  of  Hydroptilidae  to  the  Integripalpia; 
other  morphological  evidence  indicates  relationship  of  all 
the  families  of  Spicipalpia  to  Integripalpia.  Behavioural 
data  provide  evidence  that  the  Integripalpia  and  AnnuU- 
palpia  are  sister  groups,  as  are  the  Glossosomatidae  and 
Hydroptilidae.  Under  these  circumstances,  we  believe  the 
best  option  in  classification  is  to  treat  this  group  of  four 
families  as  a  separate  and  coordinate  suborder,  Spicipal- 


pia, while  recognizing  that  this  does  not  necessarily  reflect 
the  phylogenetic  affinities  of  these  families.  This  same 
classification  of  three  suborders  was  proposed  previously 
by  Wiggins  and  Wichard  (1989). 

The  Spicipalpia  were  proposed  originally  as  an  infra- 
order  of  the  Annulipalpia  by  Weaver  (1983,  1984).  This 
action  was  derived  from  proposals  by  Martynov  (1924, 
1930)  and  was  largely  supported  by  Schmid  (1980,  1989). 
Weaver  (1983,  1984)  advanced  six  putative  synapomor- 
phic  characters  to  support  this  relationship.  Our  study 
shows  that  none  of  these  characters  is  substantive,  and  that 
not  one  of  the  70  morphological  or  three  behavioural  char- 
acters which  we  use  in  our  analysis  provides  support  for 
Annulipalpia  sensu  Martynov-Schmid-Weaver.  Therefore, 
we  reject  the  phylogenetic  basis  for  including  the 
Spicipalpia  within  the  Annulipalpia  as  proposed  by 
Weaver  (1984,  1992c),  which  also  underlies  the  beha- 
vioural scenario  by  Weaver  and  Morse  (1986)  and  the  crit- 
ical commentaries  by  Weaver  (1992a,  1992b).  Our  analy- 
sis provides  support  for  Annulipalpia  sensu  Wiggins  and 
Wichard  (1989),  i.e.,  excluding  Spicipalpia. 

Third,  our  analysis  supports  the  view  that  the  Spici- 
palpia, even  if  they  might  not  be  monophyletic,  are  a  set  of 
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primitive  families.  In  this,  our  findings  are  opposed  to 
those  of  Weaver  (1983,  1984),  who  concluded  that  the 
Spicipalpia  were  derived  from  ancestral  tube-making 
Annulipalpia.  Our  evidence  from  the  families  of  the 
Spicipalpia  reveals  plesiomorphic  states  in  a  wide  range  of 
morphological  characters,  although  not  all  families  neces- 
sarily exhibit  the  plesiomorphic  condition  for  any  particu- 
lar character.  Congruent  with  the  morphological  data,  our 
analysis  shows  that  there  is  independent  behavioural  evi- 
dence that  the  Spicipalpia  comprise  the  most  primitive 
extant  families  of  Trichoptera  (Wiggins  and  Wichard, 
1989;  Wichard,  1991).  This  preponderance  of  plesiomor- 
phic character  states  in  the  Spicipalpia  underlies  the  diffi- 
culty in  finding  even  a  single  synapomorphy  to  establish 
monophyly  of  the  group. 

Monophyly  for  each  of  the  two  largest  suborders  is 
well  founded,  and  all  three  groups  represent  unique 
alliances  of  morphological  and  behavioural  attributes,  pro- 
viding a  basis  for  generalizing  about  Trichoptera  at  higher 
levels — an  important  role  for  classification.  Therefore,  we 
conclude  from  our  study  that  a  classification  of  three  sub- 
orders effectively  reflects  present  understanding  of  the 
phyletic  relationships  among  the  families  of  Trichoptera, 
and  also  takes  into  account  the  relative  primitiveness  of 
families  of  Spicipalpia.  The  superfamilies  proposed  by 
Ross  (1967) — Rhyacophiloidea,  Hydropsychoidea,  and 
Limnephiloidea — are  equivalent  to  these  three  suborders; 
but  we  concur  with  Weaver  (1983,  1984)  and  Weaver  and 
Morse  (1986)  that  the  category  of  superfamily  is  more 
effectively  employed  in  Trichoptera  at  a  lower  hierarchic 
level. 

Some  systematists  might  choose  to  treat  the  Spici- 
palpia as  families  incertae  sedis,  or  to  recognize  each  fam- 
ily as  a  separate  suborder.  We  believe  that  recognition  of 
Spicipalpia  as  a  suborder  is  more  useful  to  the  biological 
community  as  a  whole  for  the  reasons  presented  above. 
Details  about  the  relationships  of  the  Spicipalpian  families 
can  be  examined  by  systematists,  while  the  higher  classi- 
fication of  Trichoptera  remains  stable  for  general  use. 

The  infraorders  Brevitentoria  and  Plenitentoria 
(Weaver  1983,  1984;  Weaver  and  Morse,  1986)  are 
retained  here,  although  monophyly  of  the  Brevitentoria 
seems  doubtful.  Even  so,  our  inability  to  determine  how 
the  families  of  Brevitentoria  are  related  to  the  Plenitentoria 
leads  us  to  conclude  that  it  is  less  disruptive  to  the  current 
classification  to  recognize  both  groups  for  the  present.  For 
the  same  reason,  we  retain  Leptoceroidea  and  Sericosto- 
matoidea,  even  though  evidence  is  lacking  for  monophyly 
of  the  former  group.  We  refrain  from  proposing  a  classifi- 
cation of  the  families  belonging  to  the  Plenitentoria 
because  a  more  intensive  study  of  the  relationships  among 
these  families  has  been  made  (Gall  and  Wiggins,  in  press). 

Thus,  we  offer  the  following  classification  of  the 
order  Trichoptera  (an  asterisk  denotes  that  representatives 


were  not  studied  in  our  analysis;  assignment  to 
Sericostomatoidea  of  certain  famihes  not  examined  by  us 
is  based  on  Scott,  1993): 

Suborder  Spicipalpia 

Family  Rhyacophilidae 
Hydrobiosidae 
Glossosomatidae 
Hydroptilidae 

Suborder  Annulipalpia 

Superfamily  Philopotamoidea 
Family  Philopotamidae 
Stenopsychidae 
Superfamily  Hydropsychoidea 
Family  Hydropsychidae 
Ecnomidae 
Psychomyiidae 
Xiphocentronidae 
Polycentropodidae 
Dipseudopsidae 

Suborder  Integripalpia 
Infraorder  Plenitentoria 

Family  Brachycentridae 
Goeridae 
Lepidostomatidae 
Limnephilidae 
Oeconesidae* 
Phryganeidae 
Phryganopsychidae 
Pisuliidae* 
Plectrotarsidae 
Uenoidae 

Infraorder  Brevitentoria 

Superfamily  Leptoceroidea 

Family  Calamoceratidae 

Kokiriidae 

Leptoceridae 

Limnocentropodidae 

Molannidae 

Odontoceridae 

Philorheithridae 

Tasimiidae 
Superfamily  Sericostomatoidea 
Family  Anomalopsychidae 

Antipodoeciidae* 

Barbarochthonidae* 

Beraeidae 

Calocidae 

Chathamiidae* 

Conoesucidae* 

Helicophidae 

Helicopsychidae 

Hydrosalpingidae* 

Petrothrincidae* 

Sericostomatidae 
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The  suborders  Spicipalpia,  Annulipalpia,  and  Integripalpia 
are  defined  below. 

The  Spicipalpia  are  closed-cocoon  makers.  Larvae  in 
some  families  are  free-living,  constructing  a  shelter  for 
pupation  at  the  close  of  the  final  instar  (Rhyacophilidae, 
Hydrobiosidae).  Larvae  in  other  families  construct  a  pupal 
shelter  precociously,  in  the  first  instar  in  the  Glossoso- 
matidae  where  a  ventral  plastron  is  added  and  the  shelter 
becomes  portable,  but  at  the  beginning  of  the  final  instar 
in  Hydroptihdae  where  the  shelter  is  fixed  (e.g.,  Leuco- 
trichiini)  or  portable  as  in  most  other  hydroptilids. 
Pupation  usually  occurs  within  an  open  domelike  enclo- 
sure of  rock  fragments,  where  larvae  construct  a  closed 
parchmentlike  cocoon  that  is  osmotically  semipermeable. 
The  cocoon  is  free  from  the  enclosure,  permitting  a  current 
of  water  to  flow  through  spaces  between  the  rock  frag- 
ments and  over  the  surface  of  the  cocoon.  Respiration  of 
the  pupa  is  sustained  by  diffusion  through  the  cocoon  wall. 
Cocoon  and  enclosure  are  not  differentiated  in  many  gen- 
era of  Hydroptihdae,  but  the  two  are  distinct  in  the 
Leucotrichiini. 

Eggs  are  deposited  singly  or  in  small  groups,  and,  at 
least  in  some  species,  they  lack  a  gelatinous  covering,  but 
the  few  observations  on  egg  laying  in  Spicipalpia  are  not 
consistent.  Some  Rhyacophilidae  and  Hydroptihdae  are 
said  to  deposit  their  eggs  in  large  groups  in  a  matrix,  as  in 
the  Annuhpalpia  (Silfvenius,  1906),  but  the  eggs  are 
deposited  singly  or  in  small  groups  and  lack  the  matrix  in 
Rhyacophila  kiyosumiensis  (Kuranishi,  1993)  and  in  the 
hydroptihd  Ptilocolepus  granulatus  (Ito  and  Higler,  1993). 
Eggs  are  placed  on  the  underside  of  wet  leaves  just  above 
the  water  surface  (Palaeagapetus),  or  in  rock  crevices  just 
beneath  the  water  surface  where  the  female  can  extend  her 
abdomen  while  remaining  above  the  water.  Larvae  in  most 
families  occur  in  cool  lotic  waters,  but  some  Hydroptilidae 
occur  in  warm  lentic  waters. 


The  Annulipalpia  are  fixed-retreat  makers.  Larvae 
construct  stationary  tubular  retreats,  in  some  groups  with 
filter  nets  of  silk;  larvae  are  campodeiform  with  a  prog- 
nathous head;  the  anal  prolegs  are  elongate  and  the  lateral 
sclerites  tubular.  Pupation  usually  occurs  in  a  dome- 
shaped  enclosure  constructed  separately  from  the  larval 
retreat;  the  cocoon  is  permeable  and,  except  in  some 
Philopotamidae,  is  open  at  each  end,  allowing  water  to  cir- 
culate directly  over  the  pupa.  Adults  usually  have  the  ter- 
minal segment  of  the  maxillary  palpi  annulate  and  flexi- 
ble, although  not  in  Paduniella  (Psychomyiidae).  Females 
enter  the  water  for  oviposition,  often  going  to  considerable 
depths;  eggs  are  deposited  under  water  in  a  layer  and 
encased  in  a  cementlike  material.  For  the  most  part,  larvae 
exploit  food  resources  transported  by  lotic  waters. 

The  Integripalpia  are  portable-case  makers.  Larvae 
construct  tubular  cases,  which  they  carry  with  them  as 
they  forage;  most  larvae  are  eruciform  with  hypognathous 
heads,  but  some  are  suberuciform  and  tend  to  be  progna- 
thous (e.g.,  Phryganeidae,  Limnocentropodidae);  the  first 
abdominal  segment  usually  bears  two  or  three  fleshy 
humps;  the  pleural  region  of  one  or  more  of  the  next  seven 
abdominal  segments  has  at  least  a  lateral  fringe  of  slender 
bifid  filaments,  or  a  row  of  forked  or  serrate  lamellae;  the 
anal  prolegs  are  short  and  closely  appressed  to  segment  X, 
and  the  lateral  sclerites  are  usually  broad  and  triangular. 
Pupation  usually  occurs  within  the  larval  case,  but  a  new 
tubular  pupal  enclosure  is  constructed  in  Phryganopsychi- 
dae  and  Yphria  (Phryganeidae);  the  cocoon  is  incorporated 
as  part  of  the  larval  case  and  is  usually  open,  although  it  is 
closed  in  the  Phryganopsychidae.  Adults  usually  have  sep- 
arate genital  and  anal  openings.  Eggs  are  enclosed  within 
a  hygroscopic  gelatinous  matrix  of  spumalin  and  are 
deposited  either  above  or  beneath  the  water  surface; 
females  of  some  groups  crawl  beneath  the  surface  to 
deposit  eggs.  Larvae  hve  in  lotic  or  lentic  waters. 
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Appendix 


Morphological  Characters  of  Larvae 

1.  a)  Larva]  development  normal,  all  instars  with  about  the 
same  proportions. 

b)  Larvae  exhibiting  hypermetamorphosis,  first  four  instars 
with  abdomen  of  about  normal  proportions,  last  instar 
showing  hypertrophy  of  the  abdomen. 

2.  Antennae  located 

a)  far  cephalad, 

b)  cephalad, 
c) caudad. 

3.  a)  Antennal  segment  cylindrical,  sides  sclerotized. 

b)  Antennae  vestigial,  largely  or  entirely  membranous. 

4.  Antenna  with 

a)  two  large  basiconic  sensilla, 

b)  one  large  basiconic  sensillum, 

c)  no  large  basiconic  sensilla. 

5.  Antenna  with 

a)  two  long  trichoid  sensilla,  located  laterally; 

b)  three  long  trichoid  sensilla,  located  laterally; 
Ca)  one  long  trichoid  sensillum,  located  laterally; 

d)  no  long  trichoid  sensilla; 

Ec)  one  large  trichoid  sensillum,  located  medially  between 
the  large  basiconic  sensilla. 

The  proposal  that  state  5d  is  derived  from  state  5Ca  is 
based  on  the  observation  (Nielsen,  1942;  Denis,  1984b)  that 
in  Limnephilidae  and  Goeridae  a  trichoid  sensillum  is  pre- 
sent and  located  laterally  at  the  apjex  of  the  antennal  seg- 
ment in  the  first  instar,  but  is  lost  in  the  second  instar. 

6.  Prelabio-hypopharyngeal  lobe 

a)  relatively  short,  apex  broadly  rounded; 

b)  elongate,  tapered  to  apex. 

7.  a)  Prelabio-hypopharyngeal  lobe  largely  membranous, 
except  for  palpiger  and  associated  sclerites,  and  prementum. 
b)  At  least  basal  portion  of  dorsal  surface  of  lobe  and  most 
or  all  of  ventral  surface  heavily  sclerotized,  prementum  not 
distinguishable. 

8.  Labial  palp 

a)  prominent, 

b)  appressed  to  sides  of  prelabio-hypopharyngeal  lobe. 


1 1 .  Anterior  tentorial  pits 

a)  in  contact  with  anterior  arms  of  dorsal  ecdysial  line, 

b)  arising  on  dorsal  apotome  some  distance  mesad  of  cleav- 
age line. 

12.  Venter  of  head 

a)  with  one  ecdysial  line,  which  is  forked  anteriorly  but  not 
posteriorly; 

b)  with  one  ecdysial  hne,  which  is  forked  both  anteriorly 
and  posteriorly,  posterior  apotome  not  extending  anteriorly 
beyond  postoccipital  ridge; 

c)  as  condition  12b  except  posterior  apotome  extending  fur- 
ther anteriorly,  postoccipital  ridge  extending  across  apotome; 

d)  with  two  subparallel  ecdysial  lines,  postoccipital  ridge 
extending  across  apotome; 

Ea)  with  two  ecdysial  lines  joined  at  occipital  foramen  or 
subparallel,  postoccipital  ridge  not  extending  across  apotome. 

13.  a)  Venter  of  head  uniformly  tanned. 

b)  Posterior  third  of  venter  of  head  lightly  tanned. 

14.  Pronotum 

a)  with  anterolateral  margin  entire, 

b)  incised  anterolaterally  to  accommodate  propleuron. 

15.  Anterior  margin  of  pronotum 

a)  without  internal  flange, 

b)  with  small  internal  flange  anteriorly, 

c)  with  large  internal  flange. 

16.  Pronotum 

a)  without  tergal  ridge,  posterior  external  ridge  entire; 

b)  with  tergal  ridge  present  and  entire,  posterior  external 
ridge  entire; 

c)  with  tergal  ridge  obsolete  dorsally,  posterior  external 
ridge  obsolete  ventrally; 

d)  with  tergal  ridge  obsolete  dorsally,  external  ridge  extend- 
ing anteriorly. 

17.  a)  Pronotum  uniformly  and  strongly  tanned. 
b)  Posterior  third  of  pronotum  lightly  tanned. 

18.  Pronotum  with  hind  angles 

a)  not  prominent,  separated  by  entire  width  of  sternum; 

b)  extending  ventrally  and  coming  into  contact  on  sternum 
behind  procoxae. 


9.  Postlabium  with 

a)  pair  of  setae, 

b)  many  setae. 


19.  Prostemum 

a)  without  gland  of  Gilson  or  prostemal  horn; 

b)  with  gland  of  Gilson;  prostemal  horn  present  or  absent. 


10.  Frontoclypeus  with  seta  1 

a)  curved  mesad,  colourless; 

b)  straight,  dark  in  colour. 


20.  Mesonotum 

a)  membranous; 

b)  with  several  small  to  large  sclerites; 

c)  with  a  single  large  sclerite,  dorsal  ecdysial  line  present  or 
absent. 
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21.  Mesonotum  with 

a)  setal  area  1  (sal),  sa2,  and  sa3  having  one,  one,  and  two 
setae,  respectively; 

b)  sa3  having  more  than  two  setae. 

22.  Metanotum 

a)  membranous; 

b)  with  several  small  to  large  sclerites; 

c)  with  a  single  large  sclerite,  dorsal  ecdysial  line  present  or 
absent. 

23.  Metanotum  with 

a)  setal  area  1  (sal),  sa2,  and  sa3  having  one,  one,  and  two 
setae,  respectively; 

b)  sa3  having  more  than  two  setae. 

24.  Prothorax  with 

a)  pleural  sclerite  1  separate  from  sclerite  2,  mesal  or  ven- 
tral portion  membranous; 

b)  propleural  sclerite  1  fused  to  sclerite  2,  shape  various, 
mesal  or  ventral  portion  membranous; 

c)  sclerite  1  fused  to  sclerite  2,  hatchet-shaped,  entirely  scle- 
rotized. 

25.  Propleural  ridge  with 

a)  a  vertical  orientation, 

b)  an  oblique  orientation. 

26.  Mesepistemum  and  metepistemum 

a)  without  anteriorly  directed  apodeme, 

b)  with  anteriorly  directed  apodeme. 

27.  Mesocoxae  and  metacoxae  with 

a)  slight  emargination  at  point  of  articulation  with  pleuron; 

b)  large  prominence  at  point  of  articulation  with  pleuron. 


32.  Middle  and  hind  pair  of  legs  with  tarsal  claw 

a)  entire, 

b)  divided. 

33.  Abdominal  terga  I-VHI 

a)  membranous, 

b)  each  with  large  sclerite  in  first  four  instars. 

34.  Abdominal  tergum  IX 

a)  with  two  small  sclerites,  at  least  one  long  seta  arising  at 
posterior  margin  of  each  sclerite; 

b)  with  one  large  sclerite,  at  least  one  pair  of  long  setae  aris- 
ing at  posterior  margin  of  sclerite; 

c)  membranous,  at  least  one  pair  of  long  setae  arising  at  pos- 
terior margin  of  tergum; 

Da)  membranous,  all  setae  inconspicuous. 

35.  Abdominal  segment  I 

a)  without  lateral  or  dorsal  humps, 

b)  with  lateral  humps, 

c)  with  lateral  and  dorsal  humps. 

36.  Pleural  region  of  abdominal  segments  II- VIII: 

a)  with  primary  setae  only;  secondary  setae,  if  present, 
restricted  to  a  small  area; 

b)  each  segment  with  patch  of  secondary  setae  that  covers 
most  of  the  pleural  region; 

Ca)  one  or  more  segments  with  lateral  fringe,  forked  lamel- 
lae present  or  absent,  no  serrate  lamellae  present; 

d)  with  serrate  lamellae,  with  or  without  forked  lamellae. 

37.  Abdomen 

a)  without  chloride  epithelia; 

b)  with  chloride  epithelia,  with  appearance  of  ovid  area  bor- 
dered by  thin  sclerotized  line. 


28.  a)  Trochanter  short  on  all  legs. 

b)  At  least  mesotrochanter  and  metatrochanter  long. 

29.  a)  All  legs  with  trochanter  open  dorsally. 

b)  Distal  part  of  protrochanter  closed,  proximal  part  open, 
mesotrochanter  and  metatrochanter  open. 

c)  All  legs  with  distal  and  proximal  parts  of  trochanter 
closed. 

Da)  One  or  more  legs  with  proximal  part  of  trochanter 

closed,  distal  part  open. 

e)  Metatrochanter  with  distal  as  well  as  proximal  part 

closed. 

30.  Trochanter  with 

a)  proximal  and  distal  parts  divided  lengthwise  dorsally 
(open  condition)  or  not  at  all  (i.e.,  trochanter  composed  of 
two  sclerites); 

b)  proximal  or  proximal  and  distal  parts  of  trochanter  divid- 
ed lengthwise  ventrally  as  well  as  dorsally  (i.e.,  trochanter 
composed  of  three  or  four  sclerites). 

31.  a)  Femur  entire. 

b)  Anterior  face  of  femur  separated  basaUy  from  rest  of  femur. 


38.  a)  All  instars  with  anal  proleg  slightly  prominent,  claw 
pointing  downwards,  or  in  mature  last  instar  larva  slightly 
outwards. 

b)  All  instars  with  anal  proleg  very  prominent  but  segment 
DC  entire,  claw  pointing  downwards. 

c)  All  instars  with  anal  proleg  very  prominent,  incorporating 
part  of  segment  IX,  otherwise  as  in  state  b. 

Da)  All  instars  with  anal  proleg  not  prominent,  claw  point- 
ing outwards. 

Ea)  Instars  I-FV  with  anal  proleg  prominent,  claw  pointing 
downwards,  last  instar  with  anal  proleg  not  prominent,  claw 
pointing  outwards. 

39.  Ventral  sole  plate  of  anal  proleg 

a)  smooth, 

b)  with  a  large  field  of  short  stout  spines. 

40.  Anal  prolegs  with  seta  7  located 

a)  at  or  near  ventral  margin  of  lateral  plate,  about  in  line 
with  the  junction  of  the  claw  and  ventral  sole  plate; 

b)  near  the  ventral  articulation  of  the  ventral  sole  plate  with 
the  lateral  plate. 
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Morphological  Characters  of  Adults 

41.  Mandibles 

a)  large,  partly  hidden  under  labrum  in  repose; 

b)  reduced  in  size,  largely  or  completely  exposed  in  repose; 

c)  vestigial. 

42.  Labial  palps  in  female 

a)  with  sensilla  on  terminal  segment  generally  distributed, 
or  if  localized,  then  not  forming  pad; 

b)  with  large  pad  of  sensilla  mesally. 

43.  Maxillary  palps  in  male 

a)  five-segmented, 

b)  four-segmented, 

c)  three-segmented, 

d)  two-segmented, 

e)  one-segmented. 
Fa)  six-segmented. 

44.  Maxillary  palps  with  apex  of  terminal  segment 

a)  drawn  out  to  a  point,  glabrous  except  for  one  or  more 
coniform  sensilla; 

b)  rounded,  covered  with  setae,  sensilla  setiform. 

45.  Maxillary  palps  with  segment  2 

a)  cylindrical,  longer  than  segment  1 ; 

b)  ovoid,  as  long  as  segment  1 . 

46.  Maxillary  palps  with  terminal  segment 

a)  not  annulate,  flexible  or  not; 

b)  annulate  and  flexible. 


b)  contiguous, 

c)  fused  basally. 

53.  Tentorium  with 

a)  dorsal  arms  entire, 

b)  apical  portion  of  anterior  arms  filamentous  or  arms  short, 

c)  dorsal  arms  tiny  or  entirely  absent. 

54.  Tentorial  bar 

a)  with  single  or  paired  anteromedian  prominence, 

b)  lacking  anteromedian  prominence. 

55.  Prostemum  with  posterior  border 

a)  lightly  sclerotized  medially,  dividing  the  sides  of  the 
mesal  point  into  an  almost  membranous  central  area; 

b)  entirely  sclerotized  and  terminating  in  a  narrow  mesal 
point. 

56.  Forewing  with  crossvein  m 

a)  present, 

b)  absent. 

57.  Forewing  with  vein  M4 

a)  evident, 

b)  not  evident  in  male, 

c)  not  evident  in  either  sex. 

58.  Forewing  with 

a)  thyridial  cell  contiguous  with  medial  cell  or  nearly  so; 

b)  thyridial  and  medial  cells  separated  by  least  one-quarter 
length  of  thyridial  cell. 


47.  Haustellum 

a)  with  or  without  a  system  of  parallel  channels;  channels, 
if  present,  lined  with  simple  or  symmetrical  pectinate 
microtrichia; 

b)  largely  covered  with  a  system  of  parallel  channels,  walls 
of  channels  with  asymmetrical  pectinate  microtrichia. 

48.  Head 

a)  with  oceUi, 

b)  without  ocelli. 

49.  Head  with  lateral  ocelli  separated 

a)  by  more  than  their  diameter  from  eye, 

b)  by  not  more  than  half  their  diameter  from  eye. 


59.  Mesoscutellum 

a) rounded, 

b)  with  sides  elevated. 

60.  Mesopleuron  with 

a)  short  ridge  that  runs  downwards  in  front  of  pleurocoxal 
articulation  (r4  in  Fig.  6;  suture  Y  of  mesopleuron,  Ross,  1967); 

b)  r4  absent. 

61.  Mesofurca 

a)  with  anteromedial  tendon  membranous; 

b)  with  anteromedial  tendon  sclerotized,  e.g.,  mesofurca 
beaked,  beak  short; 

c)  as  state  61b  except  beak  long. 


50.  Head  with  temporal  suture 

a)  closed  or  not  evident, 

b)  open. 


62.  Mesofurca  with  ventrolateral  arm 

a)  tapered  to  a  point, 

b)  forked. 


5 1 .  Tentorium 

a)  having  shape  of  H  or  X,  with  posterior  arms  +  tentorial 
bridge  arched,  posterior  arms  long; 

b)  U-shaped,  with  posterior  arms  obsolete,  anterior  arms 
and  tentorial  bridge  joined  at  head  capsule. 

52.  Tentorium  with  anterior  arms 

a)  separate. 


63.  Metafurca  with 

a)  lateral  arms  only, 

b)  lateral  arms  and  median  process. 

64.  Mesotibia  with 

a)  two  preapical  spurs, 

b)  one  preapical  spur, 

c)  no  preapical  spurs. 
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65.  Middle  leg  of  female  with 

a)  tibia  and  tarsus  slender; 

b)  tibia  swollen  apically,  tarsus  slender; 
Ca)  tibia  and  tarsus  flattened  laterally. 

66.  Female  with 

a)  terminal  segment  of  abdomen  bearing  one-  or  two-seg- 
mented papillate  cerci; 

b)  cerci  lacking. 

67.  Female  with 

a)  pair  of  rodlike  apodemes  arising  from  anterolateral  mar- 
gin of  each  of  segments  VIII  and  IX  and  extending  cephal- 
ad,  both  pairs  at  least  half  the  length  of  segment  VIII; 

b)  anterior  pair  of  apodemes  short,  about  one-third  to  one- 
half  length  of  segment  VIII,  posterior  pair  long; 

c)  anterior  pair  of  apodemes  vestigial,  posterior  pair  long; 


d)  anterior  pair  of  apodemes  vestigial;  posterior  pair  short; 

e)  both  pairs  of  apodemes  vestigial. 

68.  Female  with  terminal  segment  of  abdomen 

a)  without  lateral  papillae; 

b)  with  lateral  papillae  present,  subequal  in  length,  and  adja- 
cent to  cerci. 

69.  Phallus  with 

a)  paired  parameres, 

b)  single  paramere, 

c)  no  parameres. 

70.  Male  genitalia  with  inferior  appendages 

a)  two-segmented, 

b)  one-segmented. 
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